Studies on the Complexes of Some Transitional Elements by Malik, Anees Uddin
STUDIES ON 
THE COM PLEXES O F SOME 
TRANSITIONAL ELEMENTS
T H E S I S  S U B M I T T E D  I N  F U L F I L M E N T  O F  
T H E  R E Q U I R E M E N T S  F O R  T H E  
D E C R E E  O F  D O C T O R  O F  P H I L O S O P H Y  
I N  C H E M I S T R Y
D epartm ent of Chem istry 
Aligarh Muslim University 
Aligarh
ivi
>
A
a:
A ISEES U D D IN  M A L IK  
Oct. 1962
T496
<Uo\\o
■!.b
» • *
c h e c k e d  1996-W
T496
•A*
STUDIES ON THE COMPLEXES
OF SOME TRANSITIONAL 
ELEt^ IEITTS
IHESIS 
S U M  TIED TO THE 
ALIGABH l^USLIM Ul^VERSITY 
IN FQLFILMENT OF THE HEQUIREMEIITS FOR 
THE DEGBEE OF DOCTOR OF PHILOSOPHY IN CHEI4ISTRY
BY
MEES UDDIN MALIK
H.H.H, Prince o f  Wales October, 1962,
Chemical Laboratories  
A ligarh  Muslim U n iv ers ity ,
A ligarh , ( I n d ia ) .
A G K N 0 V/ L E D G E M E IT T
The author w ishes to express h is  f e e l in g s  o f  
gratitud e  and thankfulness to h is  teacher, Dr, S.M* 
Fazlur Rahman, Reader in  Chemistry for h is  ab le  
guidance and keen in t r e s t  in  the work. He i s  a lso  
indebted to Prof* A.R. Kidwai, Head o f  the Chemistry 
Department, for the encouragement given and f a c i l i t i e s  
provided for during the course o f  these  in v e s t ig a t io n s  
and to Dr, W,U, Malik, Reader in  Chemistry for h is  
h e lp fu l c r i t ic i s m  and valuable su g g est io n s .
The author acknowledges w ith thanks the Aligarh  
Muslim U n iv ers ity  and the G .S .I .R , fo r  the f in a n c ia l  
help provided in  the  form o f  Research F ellow sh ips.
He a lso  acknowledges with thanks ■foe help rendered  
by Dr. J .S ,  Dave, Reader in  Chemistry, M.S. U n iv ers ity ,  
Baroda, in  determining some magnetic s u s c e p t ib i l i t y  
measurements in  h is  la b o r a to r ie s .
A, U, Malik
C O N T E N T S
1 . General In troduction  1 - 1 7
2 .  Chapter I .  Complexes o f  Chromotropic Acid
(Sodium s a l t )  with C u (i) ,  C u ( i i ) ,
M n (iii)  and V(iv) 18- 90
( i )  Intro  duct ion 18
( i i )  Experimental 21
( i i i )  Spect-rophotom etrie S tu d ies  on
. C u (i) ,  C u ( i i ) ,  I t o ( i i i )  and
V (iv) complexes 26
( iv )  Conductometric S tu d ies  on C u (i)-
Chromotropic acid( sodium s a l t )  
complex. 64
(v) P otentiom etric  S tudies on M n ( i i i ) -
Chromotropic Acid(sodium s a l t ) ,  
complex.  ^ 68
(v i )  Polarographic S tudies on C u ( i i ) -
Chromotropic acid(sodium s a l t )  
complex, 70
( v i i )  D iscussion  75
( v i i i )  References 89
3 .  Chapter I I .  Cu(ii)-Chromotrope 2B complex. 91" 111
( i )  Introduction  91
( i i )  Experimental 93
( i i i )  Spectrophotometric S tu d ies  on
. Cu(ii)-Chromotrope 2B complex. 94
( iv )  Polarographic S tu d ies  on C u (ii )7
Chromotrope 2B complex, 103
(v) D iscussion  IO7
(v i )  References 111
4 . Chapter I I I .  In te ra c t io n  o f  Vanadyl ions with
8 , Hydroxy Quinoline 7 lodo 5
Sulphonic Acid (P erron), 112- 132
( i )  Introduction  112
( i i )  Experimental 1 l4
( i i i )  Spectrophotometric S tud ies  on
Vanadyl Sulphate-Ferron complex. 1 l4
( iv )  Conductometric S tu d ies  on
Vanadyl Sulphate-Ferron complex, 123
(v) D iscussion  128
( v i )  R eferences 132
(ii)
6 . Chapter V
5 .  Chapter IV. Ethanol Amine Complexes o f  V ( iv ) .
( i )  In troduction
( i i )  Exp er imental
( i i i )  Spectrophotometric S tu d ies  on 
Vanadyl Chloride-Mono ethanolamine 
complex*
( iv )  Amperometric T itr a t io n s .
(v) Spectrophotometric S tud ies  on 
Vanadyl Chloride-Diethanolamine  
complex.
( v i )  Amperometric T itr a t io n s .
( v i i )  Spectrophotometric S tu d ies  on 
Vanadyl Chloride-Triethanolamine  
complex.
( v i i i )  Amperometric T itr a t io n s .
Cix) D iscussion
(x) References
In te r a c t io n  o f  C r ( i i  and i i i )  with  
Hydrazine.
( i )  In troduction
( i i )  Exp er imental
( H i )  Chromous Chloride-Kydrazine complex.
(a) Amperometric S tu d ie s .
(b) P otentiom etric  S tu d ie s .
( iv )  Chromic Chloride-Hydrazine complex.
(a) Amperometric S tu d ie s .
(b) P otentiom etric  Studies^
(v) D iscussion
( v i )  References
7 . Chapter VI Bromo Complexes o f  C u (i) .
( i )  In troduction
( i i )  Experimental o
( i i i )  System CuBr- KBr- H2O a t  50^C and
20°C.( iv )  Conductometrie and P otentiom etric
S tu d ie s .  _
(v) System CuBr- HBr -  HpO a t  50°C.
( v i )  System CuBr- MgBr2-H20 a t  20Pc,
( v i i )  D iscussion
( v i i i )  References
133 -  176
133
135
138
145
148
154
156
164
166
176
177 -  205
188
177 
179 
181- 
182 
186 
189 * 
189
193
198
204
206 -  219
206
207
208
210
212
213
214
219
(iii)
8 . Appendix. 220 -  230
Chemical A nalysis and Magnetic 
measurements of some Complexes 
o f  Ghroraotropic Acid, Chxomotrope 
2B, Ethanolamine and Hydrazine,
9 .  Resume. 231 -  249
G E N E R A L  I N T R O D U C T I O N
GENERAL INTRODUCTION
M etals o f  t r a n s i t io n a l  s e r ie s ,  with th e ir  small cation  
s i z e ,  comparatively large  nuclear or io n ic  charge and character­
i s t i c  property of bu ild ing  up p, d or f  subleveik, show great  
a f f i n i t y  for combining w ith e lec tron  donors ( r e s t r ic t e d  to  
stron g ly  n on-m eta llic  element's o f group V and VI) and thereby 
o f fe r  newer and more in te r e s t in g  a sp ec t  fo r  o r ig in a l  research
work in  the f i e l d  o f  coordination  chem istry. Many in v e s t ig a to r s ,
1 2 3 4 5p a r t ic u la r ly  Sidgwick , Pauling , B a ilar  , Calvin , Taube e t c . ,
have drawn a t te n t io n  to  many fundamental problems, v i z . ,
tendencies of various groups to form complexes, favoiirable
conditions fo r  ch e la t io n , r e la t iv e  ten dencies o f  m etals for
combination w ith  oxygen or n itrogen , the problem o f  the energy
o f  d sub l e v e l  vis~a-vis that o f  s oTp, o r b i t a l s ,  the ro le  o f
paired  or unpaired e lec tro n s  in  bond formatLon, problem concern
with uncommon cr abnormal valence s ta te s  and coordination with
hydroxyl group ( s p e c ia l ly  that o f  phenolic) or n itrogen  and
hydroxyl together are o f  sp ec ia l  in t e r e s t  and need more
ex ten sive  work for e lu c id a tio n  o f  th e ir  nature, composition and
stru c tu re . And th is  can be a d iieved  by the coordination of
pTirely p h ysica l and physico-chem ical methods d iring th e ir
in v e s t ig a t io n .
The e x is t in g  l i t e r a t u r e  abound in  re feren ces  on the 
complexes of t r a n s it io n a l  elem ents, and the d i f f e r e n t  aspects  
emerging from la rg e  experimental data accumulated, during the
- 2 -
l a s t  f i f t y  years have been f u l l y  d e a lt  with but the f a c t  
remains th a t much i s  to  be done in  the f i e l d  of uncommon valence  
s t a t e s .  Here, ambiguity e x i s t s  in  th e o r e t ic a l  considerations^  
and r e l a t i v e l y  small amount o f  work has been carried  out on a 
number o f  lower and higher v a la ice  s t a t e s .  Considering manbers 
o f  the f i r s t  t r a n s i t io n a l  s e r ie s  i t  may be very w e l l  seen that  
although almost a l l  th e  m etals (except Cr ( i i i ) )  have been f u l ly  
in v e s t ig a te d ,  there i s  much scope for furttier in v e s t ig a t io n s  on 
the complexes and ch e la te s  o f  M n ( i i i ) ,  V ( iv ) ,  C r ( i i )  and C u(i) ,
What has been said  about th e  uncommon valence s ta te s  o f
some o f  th e  m etals o f  the f i r s t  t r a n s i t io n a l  s e r ie s  i s  equally
7
true for many complexing a gen ts , Schwarzenbach for the f i r s t
time drew a tte n t io n  to th e  importance and p r a c t ic a l  u t i l i t y  of
a s e r ie s  o f  compounds named as "Complexones'* in  a n a ly t ic a l  work.
In v e s t ig a t io n s  on th ese  aminopoly carboxylic ac id s  have given
fresh  impetus to  research  work in  inorganic chemistry and a number
o f  papers have been published in  recen t y ea rs . However, there
are other s e t s  o f  organic reagents  su sce p tib le  to  complex ion
formation which have been l e s s  e x te n s iv e ly  in v e s t ig a te d  u n t i l
acid
now. Amongst them mention may be made of chromotropic/and i t s  
su b st itu ted  d erivatives ,e th anolam in es and hydrazine.
Chromotropic acid  (1 ,8  dihydroxy naphthalene, 3 ,6  d isu l^ -  
phonic ac id )  i s  the most important o f  ten p o ss ib le  and kno^ vn
g
dihydroxy naphthalene sulphonic a c id s .  I t  i s  prepared by the 
a ctio n  o f  a lk a l i  on 3 , 6 ,8  tr isu lp h on ic  a c id  of ^  -  naphthyl 
amine or e6 -  naphthol, the l a t t e r  syn th esis  g ives a purer
- 3 -
product. I t s  use as va lub le  Intermediate fo r  the preparation  
o f  modern asso dyes and as a u se fu l coupling component for the 
preparation o f  monoazodyes, i s  w e l l  e s ta b l ish e d . Of i t s  early  
a n a ly t ic a l  uses mention may be made o f  the co lour reaction^^  
with foraialdehyde in  presence o f  sulphuric acid* T heoretical 
aspect concerning ttie study o f  th is  compound, however are o f  
r e la t iv e ly  recent o r ig in  and can be traced  back as ear ly  as 
1940.
The course o f  th e  l a s t  f i f t e e n  years have seen many
in tr e s t in g  s tu d ie s  on the in te r a c t io n  o f  metals with chro mo tropic
acid  and i t s  su b st itu ted  d e r iv a t iv e s .  The most e x ten s iv e ly
in v e s t ig a te d  amongst th ese  are those o f  Fe ( i i i )  and Ti ( iv )  .
Hofmann  ^  ^ in  1912 mentionjaJabout the p o s s ib i l i t y  o f  the in te r
a ction  o f  Ti ( iv )  with chromotropic a c id .  But the rea l
understanding o f  th e  problem came from the work of L. Sommer
12
and Coworkers (who published about a dozen of papers on th is  
very r e a c t io n ) ,  who studied  tJie complex spectrophoiom etrically  
in  the range 0 to  11 and showed the ex is ten ce  o f  1:2 , 1:3 
complexes (TiR, TiRg TiR^ , Ti(OH) R^  e t c .  ) in  the extronely  acidic
to  moderately basic  range Sommer b esides carrying out spectro-
13
photometric investigati»#)5tfstudied polarographic behaviour of the  
complex in  order to confirm h is  e a r l ie r  r e s u lt s  on the  compositicn  
o f  the complex. The Fe ( i i i ) -  Chromotropiiic acid  complex was
a lso  in v e s t ig a te d  e x te n s iv e ly  by a number o f  eminent workers
14 V 15including H eller  and Schwarzenbach , Bensck e t c .  According 
to  Schwarzenbach, a s i x  membered ring i s  foimed during the  
complex formation w ith  1:1 r a t io  o f  the re a c ta n ts .  The value
- 4 -
o f  lo g  K fo r  the f i r s t  OH and the second OH were found 5.36
and 15*6 r e s p e c t iv e ly  and the formation ccnstant was found to
"be 17 Bensck confirmed the r e s u l t s  on the basis  o f  his
polarographic study on th is  complex*
E*D.T,A. i s  supposed to  be a very u se fu l reagent in
complexometry. But there appears t o  be some doubt regarding
16i t s  su p er io r ity  to  chromotropj^ic acid* Schwarzenbach in  
h is  “Die Komplexometrische Titration" has given an in tr e s t in g  
account on the u t i l i t y  o f  th is  reagent (ch^omotropj^lic acid) and 
i t s  su p er io r ity  over complexones l i k e  E.D.T.A, According to  
him " the Cations o f  the elements l ik e  B, Be, T i , Ge, Nb and 
Ta show s l i g h t  tendency to coordinate through nitrogen o f  a 
complexone, moreover, the carboxylate groups of complexones 
are m an ifes tly  too bulky for  small c a t io n s .  Considering these  
l im ita t io n s ,  polyphenols would be i n t r in s i c a l ly  more favourable 
in  such c a s e s .  But th ese  too cannot be s a t i s f a c t o r i l y  employed 
as complexing partners, s in ce  the r ig id  stru cture  of the 
aromatic ring system prevents more than two phermlic hydroxyl 
groups to  coordinate w ith the metal c a t io n .  Under the 
circum stances, the  b est chelating  agent for B, Be, T i, Ta and 
Ge would be pyrocatechol ( e .g #  , TiEon) or 1, 8 dihydroxy 
naphthalene 3 , 6 d isu lphonic acid  ( e . g . ,  chromotropaic acid)*" 
Amongst the su b st itu te d  1 ,8  dihydroxy naphthalaie  
disulphonic a c id s ,  p nitrobenzene azo chromotropic acid  (4 ,5  
dihydroxy 3 p -n itro  phenyl azo- 2 ,7  naphthalene disulphonic
17
acid) commercially known as Chromotrope 2B has long been used as
a co lorim etric  reagent for boric a c id .  Like chromotropic ac id ,
18i t  i s  a lso  used as a dyeing co n st itu en t  for cotton  and wool*
So fa r  as i t s  u t i l i t y  a s  a complexing agent i s  concerned, i t  i s
- 5 -
l e a s t  understood and very few metals have been t r ie d  to
iwidergo complex formation w ith th is  reagen t. Complex ion
formation w ith  t h i s  reagent i s  however, p o ss ib le  in s p ite
o f  the f a c t  that the donor property of th e  azo group are
weak. But s in c e ,  th e  compound contains a strong donor
( e . g .  hydroxyl group) in  a p o s it io n  ortho to  azo group,
very s ta b le  ch e la te  r in g s  are l i k e l y  to e x i s t  and the complexes
so formed should be h igh ly  s ta b le ,  coloured and find use as
19dye and pigment. The reagent has an extra advantage in  having
an e s t e r i f i a b l e  phenolic hydroxyl group in  coordination p o s it io n
with re sp ec t  to  n itrogen  o f  th e  azo group, but evidence for
ch e la tio n  through t h i s  group i s  not forthcoming.
20Sommer and H nilickova had reviewed the a n a ly t ic a l
a p p lica t io n s  o f  azo chromotropedyes. Chromotrope 2B i s  found
21 22 
to g ive  colour rea ct io n  v/ith Gr ( i i )  and T1 ( i i i )  . More
23
r e c e n t ly  Banerji and Dey studied  Thorium complex spectrophoto-
m e tr ic a lly  and showed th e  formation o f  1:2 metal-chromotrope 2B
c h e la te .  They a lso  ca lcu la ted  the values of formation constant,
lo g  K-10.08 t  0 ,5  and free  energy -A F °=  13,92- Kcals at 25°.
8 hydro:cy q u in o lin e , 7 iodo, 5 sulphonic acid^better
known as Ferron, i s  a co lor im etr ic  reagent for iron  belongSigf to
24
su b st itu ted  8 , hydroxy q u in o line  type o f  compounds.Yoe 
f i r s t  suggested  i t s  use for  the determ ination o f  ir o n . Since 
then a number o f  papers have appeared in  the l i t e r a t u r e  on tiie 
composition and s t a b i l i t y  o f  Fe ( i i i )  complex. This compound 
was ex tracted  by combining i t  td.th t r ib u t y l f  amine and f in a l ly
- 6 -
ex tractin g  i t  with amyl a lco h o l in  the pH range 2 to ?•
The strong complex forming capacity of th is  reagent
has been a ttr ib u ted  to the presence o f  su b st itu ted  quinoline
ring s in c e  n itrogen  o f  quinoline p ossesses  ve iy  weak donor 
26
property. The presence o f  N itrogen, hydroxyl, sulphonic and 
iod id e groups may a l l  responsib le  for i t s  complex forming 
tendency. Inner complex formation, however, i s  only p oss ib le  
through the  n itrogen  o f  q u in o line  and hydroxyl group. Comparative-; 
ly  l i t t l e  amount o f  work has been done on the metal complexes
o f  Ferron. Few references are  ava ilab le  on the use of t h i s
27  28 29 
reagent in  the d e te c t io n  o f  metals l i k e  B i, T1 and Co .
30
I t  has a lso  been s u c c e s s fu l ly  employed in  th e  separation  o f
plutonium from uranium and other f i s s io n  products.
Ethanol amines (amino d er iv a t iv e s  o f  e th y l  a lcohol) can
coordinate e i th e r  through oxygen or n itrogen  depending upon the
metal io n .  Almost a l l  th e  metals have been tr ie d  but extensive
s tu d ie s  p a r t ic u la r ly  r e la te d  with th e ir  stru ctu ra l com plexities  
31
are la c k in g . The a d d it io n  of etiianolamines to concentrated  
aqueous so lu t io n s  o f  m e ta l l ic  s a l t s  r e s u l t s  in  two types of  
compounds: ( i )  pure ad d ition  compounds (one mole of s a l t s  to 
two o f  th e  base) foimd as coloured cry sta ls  e , g . ,  those with  
N i, Cu, Sr and Mg ch lo r id es;  N i, Cd, Cu su lphates; NiBr2 , Cu I 2
and Ni (No^)2 and P i  ( i i )  compounds where one or more of
hydrogen atom o f  the hydroxyl group are su b stitu ted  by the metal
32 33
ion  • Tettamanzi and C arli found th a t  coordination compounds
25
rather than b a s ic  s a l t s  are formed with N i,  Cd, Mg and Ca. 
They proposed the a lte r n a t iv e  stru cture  I and II*
- 7 -
-  O H ,- OHv yHO -  CH^
-  CH^  - OH----- — HO
■ ^ 2
-  CH^- osr ^HO -  CH2
( Cg H4 0 H )3
( C2 0 H )3
II
Various p hysica l methods have been employed to s tudy
the behaviour and com position o f  ethanolamine complexes,
34Subrahmanya observed that ethanolamines are reduced
re v e r s ib ly  in  ammoni<d. so lu t io n s  w hile  in  non ammonical
so lu t io n s ,  re v er s ib le  waves could be r e a l is e d  only in  the
35
case o f  tr ie th an o lam in e• M ichelle Gilband studied the e f f e c t  
o f  pH on the complexing a c t io n  of the triethanolam ine on the  
copper s a l t s .  Molecular or ion ised  form of th e  complexes were
-  8 -
obtained  depending upon th e  pH o f  the medium, Spectro-
photometric and cryoscopic methods were also employed to
study the copper com plexes.
Ethanolamines, p articu].arly  triethanolam ine, has been
w idely used in  a n a ly t ic a l  chemistry as a masking agent for
36
a number o f  m eta ls , P r ib i l  had suggested i t s  use as a
masking agent fo r  A l, Fe, Ti and Mn, w hile t i t r a t in g  Ni
with E.D.T.A. in  ammonical so lu tio n s  and also  that for F e ( i i i )
and J-InCli) in  th e  t i t r a t i o n  o f  calcium . Triethanolamine acts
as a u se fu l  ind icator in  ascerta in in g  the end point (sharp
change from red  to blue) w hile  t i t r a t in g  lead  aga in st S.D.T.A,
The u t i l i t y  o f  ethanolamine in  industry  i s  also not l e s s
impressive* The t o x ic i t y  o f  cyanide baths in  e lec tro d ep o sit io n
u n its  can be consideiably reduced by using these  compounds as
3 8 ,3 9 ,4 0
bath m ateria ls*  E lec tro d ep o s it io n  o f  copper and n ick e l
on Zinc p la te s  i s  very s u c c e s s fu l ly  carried  out in  their  
41presence.
Complex ion  formation with hydrazine has been l e s s
e x te n s iv e ly  studied  than in  the case of other compounds
having n itrogen  as the donor. For some time th is  compound
was considered to be u se fu l  only in  sy n th es is in g  organic
compounds l i k e  hydrazide, a l ip h a t ic  diazo compounds and
organic ammonia d e r iv a t iv e s .  Today i t s  u t i l i t y  and importance
i s  much more recognised than even before by virtUB of i t s
strong reducing property, i t s  use in  the preparation of
42fu e ls  and rockets  and f i n a l l y  i t s  tendency to form stab le  
coordination  and addition  compounds e s p e c ia l ly  with m etals in  
the lower ox id a tion  or v a l ^ c e  sta te*
- 9 “
A la rg e  number o f  metal-hydrazine complexes including
44 45 46 47 48 49 50 
those o f  Ag, Hg, P t , Rh , Cr, N i, Cu e t c .  have been studied
and the fo llow ing conclusions regarding theLr nature and
composition have been dra'wn*
( i )  Hydrazine forms many coordination  compounds th ou ^  
th e ir  number are somewhat l im ited  because o f  i t s  reducing action .
( i i )  Except th e  complexes with P t,  Hu the compounds of 
hydrazine w ith other metals in  th e ir  higher cKitdation s ta te s  
are l im ite d  in  number and unstable e .g .  C r ( i i i ) ,  C o ( i i i ) ,  C e(iv), 
e t c .
( i i i )  Most o f  the hydrazine complexes which have been 
i s o la t e d  as s o l id  do not contain  enou^ hydrazine to f i l l  the  
coordination sphere so  i t  has been suggested th a t  hydrazine 
a cts  as a b identate  group.
( iv )  S ince no stru ctu ra l determ ination has beai made, the 
e x is te n ce  o f  three membered ch ela te  r in g  i s  not confirmed. 
Moreover, no w e ll  autjxentic case o f  o p t ic a l  isomerism which 
might be used as evidence fo r  a ch e la te  ring structure  has beai 
observed w ith  hydrazine complexes*
(v) In many cases hydrazine has been reported to a c t  as a
mono dentate group as in  case o f  platinum complexes. According
52
to B a ila r ,  Zinc coordinates four hydrazine m olecules with only  
small d if fe r e n c e s  between the  seperate  d is s o c ia t io n  constants. 
This in d ic a te s  that hydrazine i s  monodentate, with four  
coordinate zinc io n s .
- 10 -
( v i )  Low s o lu b i l i t y  In d ica tes  poly nuclear rather than 
ch e la te  structure  e . g . ,  Ru and Crl^ complexes.
( v l l )  Unstable Ualence s ta te s  o f  m etals are s ta b i l i s e d  
by hydrazine in  cer ta in  cases  e . g . ,  C r ( i i ) .
r -
The conventional method o f  chemical an a lysis  sometimes
f a i l s  to g ive  the  correct p ic tu re  o f  the composition o f  complex
compounds. This i s  s p e c ia l ly  so when dealing with compounds
o f  in so lu b le  character s in c e  th e ir  i s o l a t i o n  i s  d i f f i c u l t  in  the
pure form. Almost a l l  hydrazine'complexes are in so lu b le  and
hence the r e s u l t s  obtained by the method o f  chemical ana lysis
need furthur confirmation by other  metliods. The r e s u lt s  on
hydrazine complexes have a lso  to be considered from th is  point
and the e a r l ie r  work needs confirm ation and support by physical
methods. In t h i s  connection mention may be made of Schwarzen-
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bach and Zobrist vriio aaploying Bjerrum technique have shown
th a t four moles o f  hydrazine and n ic k e l  with s i x .  B ailar
( l o c - c i t )  had a ls o  shown the ex is te n c e  of tetrahydrazinate in
the case o f  Zinc polarographically .
In the preceding paragraph a t te n t io n  was drawn to the
s t a b i l i s in g  tendency o f  hydrazine towards lower valence io n s .
Another s tr ik in g  i l l u s t r a t i o n  o f  th is  behaviour i s  provided
by the halo complexes o f  C5u ( i ) ,  where s t a b i l i s a t io n  i s  achieved
by coordination  through h a lid e  io n s .  A survey of the early
work in  t h i s  f i e l d  revea l that most o f  the s tu d ie s  were
lim ite d  only  to  th e  determ ination o f  s o lu b i l i t y  o f  cuprous
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h a lid e  in  a lk a l i  h a lid e  s o lu t io n s . With the introduction  
o f  physica l methods, more r e l ia b le  data were ava ilab le  for
- 11 -
study the nature o f  the complexes formed* The work of Remy 
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and Labes , Szabo and Szabo on the chloro complexes o f  Cu(i)
bear testim ony to  t h i s  sta tem ent. The la t t e r  autiiors detennined
a n a ly t ic a l ly  and p o te n t io m etr ic a lly  th e  composition of the
so lu t io n  obtained by d is so lv in g  copper an od ica lly  in  solutions
o f  KCl, NaCl, HCl, K Br etc* In ch lor ide so lu t io n s  they  found
that Cu CI3 i s  formed above 0*0/iM Cu concentration . Recently
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Malik and coworkers carried  out in v e s t ig a t io n  to deermine ttie 
complex formation in  systaas l i k e  Cu Cl-HCl-gO, Cu CI-KCI-H2O
both in  the aqueous and s o l id  phases empolying a n a ly t ica l and 
e lectrom etr ic  methods. They developed a new method based upon 
the  i in d ir e c t  determination o f  s o l id  phase by drawing s o lu b i l i t y  
curves on r e c t i l in e a r  coord inates.
Although, enough woirfe has been done on the chloro complexes
o f  C u (i) ,  very l i t t l e  i s  to  be found in  the l i t e r a t u r e  on the
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bromo and iodocom plexes. G.M. H arris made an exten sive  study 
o f  bromo7iodocuprates by d isso lv in g  Cu I  in  concentrated  
ammonium or a lk a l i  bromide and is o la te d  the compounds Cu(NH3)/^
Cu I Bt2 (b la c k ) ,  CuCen)a ^   ^ Cpurple) and (Cu 1)2 ^ 3
60
(w hite p a la t e s ) . Wells and Hurlbert prepared ammonium
cuprotribromide (NH/ )^2 CuBr3 » by mixing hot so lu t io n s  of an
excess o f  NH^  Br with CuBr and HBr in  p resa ice  of copper w ire.
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Fleurent prepared triammino Cuprotric bromide NH/j. Br 2 CuBr 2 
and polassium bromo Cuprate KCuBr  ^ and described i t s  
p ro p e r t ie s .  R ecently , the bromo complexes o f  Cu ( i )  were
stud ied  by Rehman and Malik by considering the systems 
CuBr- HBr-gO, CuBr- KBr-gO and CuBr- Mg Br^- HO.
In the preceding pages, various asp ects  concerned vdth 
the physico-chem ical s tu d ie s  on aromatic hydroxy sulphonic 
a c id s ,  th e ir  su b st itu ted  d e r iv a t iv e s ,  ethanol amines and 
hydrazine, have been b r ie f ly  d isu ssed , there  i t  was said that  
th ese  compounds b esid es  being in d u s tr ia l ly  u se fu l ,  had found 
great u t i l i t y  in  a n a ly t ic a l  chem istry . A tten tion  was drawn 
to the  fa c t  that these  compounds represented a rare group of  
coordinating agents whose metal complexes have yet to be studied  
sy s te m a t ic a l ly .  Approach to th is  problem can be made in  two 
d ire c t io n s  ( i )  study o f  th e  complexes o f  such metals \rtiich have 
not e ith er  been stud ied  or on which very l i t t l e  has been done 
t i l l  now; ( i i )  a p p lica t io n  o f  various physico-chem ical methods 
(ranging from-the o lder technicjue o f  chemical a n a ly s is ,  
conductometry and potentiom etry to  the more recent ones l i k e  
spectrophotometry, polarography, amperometry, coulometry e t c . )  
to those  compounds which need further in v e s t ig a t io n  for understand 
ing th e ir  r e a l  nature.
The work described  in  the th e s is  deals with the fo llow ing  
asp ects  o f  the problem;
(1) Composition o f  th e  so lu b le  complexes o f  C u (i) , C u ( i i ) ,  
M n (iii)  and V (iv) w ith chromotropic acid; o f C u (ii)  wilii 
chromotropic 2B‘and o f  V(iv) with Ferron, employing spectropho- 
tom etr ic , polarographic, conductome t r i e  and pot entiom etrie  metiiods
- 12 - ■
62
- 13 -
(2) Study o f  th e  in te r a c t io n  o f  vanadyl ion  with monodi and 
tri-ethanolam ine s by spectrophotcsnetry and amperometry,
(3) Physico-chem ical s tu d ie s  on CrCii and i i i )  hydrazine 
■ complexes.
In  a l l  the above three  cases methods o f  chemical an a lysis  
and, wherever p o s s ib le ,  magnetic measurement r e s u l t s  were 
employed for the ch a ra c ter isa tio n  o f  the d if fe r e n t  compounds.
The l a s t  chapter of the t h e s i s  d ea ls  with a le s s e r  
known aspect o f  the problem on the halo complexes o f  C u (i) .  
These s tu d ie s  were carried  out by studying th e  systoa CuBr- 
KBr-H2 0 , CuBr-HBr-Il20 and CuBr-MgBr2-H2 0 . The r e s u l t s  on 
phase ru le  s tu d ie s  have been supplemented by the  r e s u lt  on 
conduc tome try  and potentiom etry.
- 14 -
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Complexes o f  Chromotropic Acid 
(sodium s a l t )  with C u (i) ,  C u ( i i ) ,  
M n (iii)  and 7 ( i v ) ,
C H A P T E R  I.
COKiPLEXES OF CamOMOTROPIC ACID (S0DIUI4 SALT) 
V7ITH CuCl), C u (ll)  , I'InCiiiVAI'ID V ( iv )
The problem o f  in te r a c t io n  o f  metal ions with dyes 
(form ation o f  dye la k es)  has a ttr a c te d  much a tte n t io n  in  
recent y ea r s . These la k es  are o f  two types; ( i )  forming 
Coordination Compounds ( i i )  g iv ing  ordinary s a l t s  o f  dyes.
1 ,8  dihydroxy naphthalene 3 ,6  disulphonic acid  Cchromotropic 
acid) i s  said  to form both types o f  compounds. The ex isten ce
I
o f  metal complexes has been in d ica ted  not only in  m etals of  
the f i r s t  t r a n s i t io n a l  s e r ie s  but colour rea ct io n s  with metals 
l i k e  Hg ( i  and i i ) , Au ( i i i ) ^ ,  Ag^, Pb^, Sn^, e t c .  have also  
been reported* D eta iled  data are a v a ila b le  only in  the case  
o f  Fe ( i i i )  and Ti ( iv )  complexes. B es id es , 1iie p ioneering
g
work o f  L. Sommer and Schwarzenbach (a lready c i te d  v ide general 
in troduction ) on the complexes, mention may be made of the work 
o f  W. Brandt^, I .K . Babko and O .I .  Popva^. Brandt e-^1 n oticed  
a v a r ie ty  o f  coloured products formed during the rea ct io n  of 
Ti ( iv )  with chromotropic acid  depending upon the a c id ity  of 
the s o lu t io n .  Babko and Popva suggested the use o f  th is  reagent 
for Ti ( iv )  determ ination.
Amongst other metal complexes, worth mentioning are those  
of Uo'"  ^ Cr  ^  ^ and Be^ The rea ct io n  o f  Uranyl ions with
- 19 -
chromotropic acid  has been, u t i l i z e d  not on ly  for i t s
co lo r im etr ic  estim ation  but a lso  to  know the nature o f
10 11
the complex (1:1 complex) • Garret has reported the
rea ct io n  o f  Cr ( i i i )  w ith  chromotropic acid* Lukin and 
12
25avarikina has suggested  i t s  use a co lo r im etr ic  reagent 
for beryllium .
From what has been sa id  above i t  i s  apparent ^that
there  are number o f  m etal ions which have not y e t  been
f u l l y  studied  and deserve a d e ta i le d  in v e s t ig a t io n .  One
such example i s  tiiat o f  Cu ( i i )  • This metal ion forms a
red coloured complex w ith chromotropic ac id  (sodium s a l t ) ,
the r e a c t io n  being a slow one taking 6 to 12 hours for
completion* But apart fiom the  prelim inary in v e s t ig a t io n s
13
o f  K a r te ll  and Coworkers , nothing su b sta n tia l  has been 
done so far and a d e ta i le d  study o f  th e  compound i s  worth 
undertaking.
The problem o f  in v e s t ig a t in g  chromotropic acid
complexes w ith  metal ions in  th e ir  uncommon valency s ta te s
i s  a lso  .worth considering* For th is  purpose Cu ( i ) ,  M n (iii)
and V ( iv )  may be chosen l i k e  Cu ( i i ) ,  both Cu ( i )  and V(iv)
react slow ly  with chromotropic a c id ,  vanadium giv ing a red
coloured product w hile witii Cu ( i )  a pink compound i s  obtained.
14Of th ese  two complexes on ly  one o f  them V d v ) has beoi studied  
to some e x te n t ,  but d e t a i l s  are la c k in g . In the  case o f  Mn ( i i i )
- 20 -
the  reaction  i s  almost instantaneous and proceeds smoothly in  
h igh ly  a c id ic  mediiim.
The work described in  the present chapter covers the 
fo llow in g  physico-chem ical a sp ects  o f th e  problems, (1) Spectro- 
photometric s tu d ie s  on the composition of C u (i) , C u ( i i ) ,  M n(iii)
and V(iv) complexes. The composition o f  the  complex was determine
15 1( i )  Job 's method o f  contiruoiB v a r ia tio n  ( i i )  slope r a t io  method
and ( i i i )  m odified slope r a t io  method,^ Before, a c tu a lly
carrying out the absorption experiments Vosburgh and Cooper’ s 
19
method was applied  in  order to  know the number of complexes 
e x is t in g  in  the s o lu t io n .
( i i )  Conductometric s tu d ie s  on the composition of Cu(i)
complex. The conductometric measurements were made with mixtures
20 21prepared according to  Job* s method o f  continuous v a r ia t io n . *
( i i i )  Potentiom etric  s tu d ie s  on M n (iii)  -  chromotropic acid  comp]
employing M n(ii) M n (iii)  ♦  e couple a s  the ind icator
e le c tr o d e .
( iv )  P<ilarographic in v e s t ig a t io n s  on G u(ii)  -  chromotropic acid  
complex.
- 21 -
E X P E R I M E N T A L  
S O L U T I O N S  
Cuprous Chloride S o lu tion ;
Cuprous ch lor ide was obtained by reducing cupric chloride  
by copper turnings in  presence o f  concentrated  HCl,
About 10 grams o f  cupric ch loride (reagent grade) was 
d isso lv ed  in  about 75 cc o f  conc. HCl contained in  a f la s k .
15 gms of m e ta l l ic  copper ( in  the form o f f in e  turnings) were 
then added and the so lu t io n  was warmed, u n t i l  the dark colour 
was disappeared. The r e s u lt in g  co lo u i^ le ss  so lu t io n  thus obtained  
was poured in  a l i t r e  o f  cold water contained in  a beaker of
2 l i t r e s  ca p a c ity . The pouring was done through a funnel whose 
neck was lo o s e ly  plucked with a l i t t l e  g la s s  wool to r e ta in  small 
p a r t ic le s  o f und issolved  copper or other im purities* The cuprous 
ch lor ide was atonce separated out and a f te r  s t ir r in g  w e l l ,  was 
allowed to s e t t l e  and then washed tw ice with water containing a 
l i t t l e  amount o f  HCl, The p re c ip ita te d  product was f i l t e r e d  o f f  
by means o f  sunction  pump. F ir s t  i t  was washed with d i l  
sulphurous a c id  (obtained  by passing SO2 in to  water) in  order to 
check the rapid ox id a tion  o f  th e  product. Then i t  was washed 
w ith  g la c ia l  a c e t ic  a c id  so th a t  water m olecules adhering to  
cuprous ch lor ide were removed. I t  was then washed severa l times 
with absolu te  a lcoho l (using 25 cc of a liq u o t  each times) and 
f i n a l l y  washing w ith ether to remove th e  l a s t  traces of a lco h o l.
-  22 -
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The cuprous ch lor id e  a f te r  f i n a l l y  washing with ether 
was kept in  vacuum desiccator over CaO vrtiich was subjected for  
the complete evaporation o f  e th er .
An approximate so lu t io n  o f  s tren gth  (O.OIM) was prepared 
by d is so lv in g  about 0,1 g o f  the substance in  0.1M KCl (AnalaR), 
This so lu t io n  was l e f t  under a layer o f  p a ra ff in  to  avoid  
o x id a tio n . The strength  o f  the so lu t io n  was determined by 
estim ating  i t  g ra v im etr ica lly  a s  cuprous th iocyan ate ,
A known valume o f  the cuprous ch loride so lu t io n  was taken 
in  a beaker and was s l i g h t l y  warmed, and a f r e s h ly  prepared 
(1^ NH/j^ CaJS) was added slow ly  with constant s t i r r in g ,  from a 
b urette  u n t i l  present in  a s l i g h t  ex c e ss .  The p r e c ip ita te  o f  
cuprous th iocyanate was white in  coloTir, The p re c ip ita te  was 
allowed to  s e t t l e  for s e v e ra l  hours and then  f i l t e r e d  through a 
weighed s in tered  c r u c ib le .  The p r e c ip ita te  was washed ten  to  
f i f t e e n  times w ith i c e  co ld  double d i s t i l l e d  water (contain ing
1 cc o f  NH/^ GKS so lu t io n )  and f i n a l l y  washed with 20^ a lcohol 
to  remove ammonium th iocyanate and the p r e c ip ita te  was dried to  
constant weight a t  110® -  120° and weighed as CU2 (CNS)2 .
Manganic Sulphate S o lu tio n :
Manganic su lphate so lu t io n  was obtained by the ox idation  
o f  Manganous su lphate with KMnO^  in  presence o f  sulphuric ac id .
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The method recommended by Ubbelehode with s l ig h t  
m odifica tions was follow ed:
15.1 gms o f  manganous sulphate was d is so lv e d  in  1 l i t r e
o f  6W sulphuric a c id .  To 50 cc of th is  so lu t io n  an other 3 cc
o f  concentrated acid  were added and the mixture kept in  the ic e
bath, 12 cc of 0 ,5  N potassium permanganate were then added
in  a liq u o ts  o f  2 cc , a t  an in terv a l o f  about three  minutes,
A further 2 cc o f  conc. were added in  between. Attempt
to prepare so lu t io n s  of higher concentration  than 0 , 0 ^  met 
with f a i lu r e .  To avoid formation of h i ^ e r  oxides in  the 
so lu t io n  i t  was found safer  to add double the amount of sulphuric  
a c id , as recommended by Ubblehode Cloc, c i t , ) .
The strength o f  manganic sulphate so lu t io n  was determined 
by t i t r a t in g  aga in st ferrous ammonium su lphate so lu t io n  o f  
known stren gth . The end point was d e tected  by the change in  
colour from l i g h t  green to  y e llo w ish  green, A jump in  p o ten t ia l  
o f  about 0 ,35 v o lt  was observed a t  th e  end point on the addition  
of a s in g le  drop o f  the t i t r a n t .  The strength  o f  the so lu t io n  
was found t o  be 0 .0101 .
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Vanadyl Sulphate Solution;
Vanadyl sulphate (R ied el)  was used for the experiments 
A 0.01M so lu t io n  o f  the reagent was prepared by d isso lv in g  0,8150, 
o f  the substance in  500 cc o f  double d i s t i l l e d  water and the
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strength  o f  the so lu t io n  was determined^^ vo lu m etr ica lly  by 
reducing i t  on Jone’ s reductor and t i t r a t in g  i t  against  
potassium permanganate s o lu t io n .  The fo llow in g  procedure was 
adopted:
The vanadyl sulphate so lu t io n  containing sulphuric acid  
was treated  with 0.1N KMnOjj., to  jjroduce a pink colour and was 
then passed through a Jone's  reductor, where upon i t  was reduced 
to th e  b iv a len t  s t a t e ,  the reduced so lu t io n  was passed in  an 
excess of an a c id i f ie d  so lu t io n  o f  F erric  ammonium sulphate  
AnalaR) and the ferr6us iron  thus formed was t i t r a t e d  with  
standard 0.1N KMnO^ ,
Cupric Chloride S o lu t io n ;
Cupric ch loride (AnalaR) B.D.H. was employed during the 
experiments, A 0.01M so lu t io n  o f  the s a l t  was prepared by 
d isso lv in g  0 ,8527 g o f  cupric ch loride in  500 cc o f  a ir  free  
double d i s t i l l e d  water .
The strength  o f  the cupric so lu t io n  was determined by 
t i t r a t i n g  i t  iod om etr ica lly  aga in st  th io -su lp h a te  so lu t io n ,  
using starch  as in d ic a to r .
“ 25 -  
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Chromotropic Acid S o lu tio n :
Chromotropic a c id  (soiium  s a l t )  o f  E, Merck (reagent 
grade) was used to r  tiie experiments 1.00759 gm of the substance 
was d isso lv e d  in  250 cc o f  a ir  f r e e  d i s t i l l e d  water and thus a 
so lu t io n  of concQ itration 0.01M was ob ta ined . As the reagent 
was h igh ly  s e n s i t iv e  to  l i g h t ,  i t  was kept in  amber coloured  
b o t t l e s ,  coioted with th in  black paper sh e e ts .  Fresh so lu tions  
o f  the reagent were prepared for each se t  o f  the experiment.
Preparation o f  the Buffer S o lu tions:______
24Standard Buffers so lu t io n s  were prepared for spectro-  
photometric and polarographic s tu d ie s .  The fo llow in g  standard 
Buffer so lu t io n s  were used during the experim ents.
1 . Mclavaine Buffer (Na2HP0 /^  and c i t r i c  acid) for the 
pH range 2 ,2  -  8 .0 .
2 .  Walpola A cetate Buffer (Sodium a c e ta te  and a c e t ic  acid) 
for th e  pH range 3 .7  to 5 .6 .
3 .  Sorensen Buffer (NaH2P0 /^  and Na2HP04> for the pH range 
5.91 -  8 . 0 .
4 .  S0rensen Buffer (Glycine ( in  NaCl) and NaOH) for the 
pH range 8*2 -  1 0 .0 .
5 .  Ringer Buffer (NaOH -  NaH2 PO4) for PH ^ange 11.5-12.C
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A ll liie Buffers were prepared from A.H, products.
The pH o f  the b u ffers  were checked with tiie help o f  
Beckman pH meter (model G) with Beckman g la s s  e lec trod e  o f  
general u t i l i t y  upto pHtO and Beckman E type g la ss  electrode  
a f te r  pHl'O.
Spectrophotometrlc Studies on C u(i)t C u ( i i ) ,  M n (lli)  and V(iv) 
Complexes*
The spectrophotom etrlc method i s  e s p e c ia l ly  su ited  to 
the study of the complexes not s u f f i c i e n t l y  s ta b le  to  permit 
th e ir  i s o la t io n  from s o lu t io n .  In recent years a simple 
co lor im etr ic  method has been used to determine the composition  
o f  such complexes. This technique was c a l le d  the method of  
continuous v a r ia t io n , introduced by Job Cloc. c i t . ) .  Considering 
the formation o f  a complex A Bn vAiere A i s  a m e ta ll ic  ion and 
B i s  a coordinating agent:
A + n B 1^ =^ A Bn
K -  (A Bn) /  (A) (B)^ 
where ( ) r e p r e so its  a c t i v i t i e s  molar concentrations.
♦ •
I f  we impose the r e s t r ic t io n
(A) V (B) -  C
where C i s  a constant, i t  can be shown th a t ^Aien concentration
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A Bn i s  a maximum
(B) /  a n  
'  (A)
or d (A Bn) /  d (A) = 5)
In other words, for a constant to ta l  concentration of
metal and coordinating a g en t, the concentration o f  complex is
g rea test  when the m etal and complexing agent are brought together
in  the same ratLoiji in  which they e x i s t  in  the complex. I f  the
complex i s  the on ly  coloured substance p resen t, the o p tica l
d en sity  o f  the so lu t io n  i s  proportional to  complex concentration*
Hence a p lo t  of o p t ic a l  d en sity  versus composition o f  the
so lu t io n  under the r e s t r ic t io n  imposed would g ive a curve with
a maximum at th e  composition corresponding to  the formula o f
the  complex. I f  substances are present which absorb l ig h t  in
the same reg ion  as does the complex, i t  is  necessary to  make
allowance for t h i s .  In such a case the d iffer en ce  in  o p t ic a l
d e n s i t ie s  between the complex and the estim ated amomts o f
uncomplexed coloured substances present may be p lo tted  as a
function  o f  the con centration . O rdinarily the o p t ic a l  density
that would have r e su lte d  i f  no complex formation had taken place
i s  subtracted from tiie observed o p t ic a l  d en sity  and the differenc<
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i s  p lo tted  aga in st com position. Job s ta ted  th a t the method 
was not gen era lly  applicab le  to systems in  which more than one 
compound was formed. Vosburgh and Coworkers were la te r  able  
to apply i t  to  a s p e c ia l  case in  which they determined the  
nature o f  e q u i l ib r ia  involving three ch ela te  compounds. These
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authors have s tu d ied  the complexes o f  Ni vdth 0-phenanthroline  
and e th y l diamine formed in  1 ;1 , 1s2 and 1:3 proportions and 
copper ammonia complexes (r a t io  : NH^  as 1:2 and 1:4)
and thus confirmed the v a l id i t y  o f  iiie new method.
An other method, which i s  gen era lly  used in  spectrophoto-  
m etric measurements i s  tiie s lop e  r a t io  method. This method i s  
u se fu l  in  two p^reiys: i t  provides a confirmation o f  the r e s u lts
o f  Job’ s method o f  continuous v a r ia tio n  and i t  a lso  helps in  
e s ta b lish in g  the composition o f  the complex e . g , ,  the r a t io  of  
coordinating agent to  the metal Ions. In  the rea ct io n s  mA +, 
nB -:s==^  i f  the concentration  o f  B i s  kept constant and
i s  in  s u f f ic ie n t  excess  to  make (Association n e g l ig ib le ,  the 
equilibrium  concentration  of the complex (A^ Bjj) w i l l  be 
e s s e n t ia l ly  proportional to the t o t a l  concentration o f  A added; s
- ^ A / m
From Beer‘ s Law S -  ed (Am Bn) (2)  
where E i s  the measured e x t in c t io n ,  e the molecular ex t in c t io n  
c o e f f ic ie n t  and d the th ickness o f  the c e l l  in  cm. Substituting  
the value of (A^ Bj^ ) from (1) and (2)
B a ed, (3)
I f  E i s  p lo t te d  aga in st d if f e r e n t  a n a ly t ica l (or to ta l)  
concentrations o f  A, keeping the c o n c ^ tr a t io n  o f  B constant and 
in  e x c e ss .  The equation (3) i s  v a lid  over the s tra ig h t  l i n e
25
3 29 7.
portion  o f  the  curve and t h is  s tra ig h t  l in e  w i l l  g ive a slope  
represented  by
S lope, = ed/jn (4)
s im ila r ly  i f  A i s  th e  component in  constant excess and -ttie 
concentration  o f  B i s  varied
= Cb/ „  (5)
*•
and i f  E i s  p lo tte d  aga in st  Cg, the  slope of ttie s tra igh t l in e  
protion  o f  the curve w i l l  be 
Slope2 = ed/^
The r a t io  o f  n to m in  th e  complex may be determined by 
taking the r a t io  o f  two slopes
Slope. n
_____ L z  m
Slope^
17,18
In the m odified slope r a t io  method the absorbancies of
the so lu t io n s  are p lo tte d  a g a in st  the concentration  of the  
variab le  components from e ith e r  end of the x-ax:.is. The point  
o f  in te r s e c t io n  of the two curves corresponds to the composition 
o f  the complex, assuming -tiiat on ly  one complex i s  formed*
Spectrophotometric s tu d ie s  on Cu(i)-Chromotropic acid  complex:
The re a c t io n  between cuprous ch lor id e  and chromotropic 
acid  was a slow one and took  about 6 to 12 hours before completic 
depending upon th e  concentration  of the reactants  used. Thus
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with d i lu te  so lu t io n s  (Cone. 2.5x1 Ot?to 1x1 Or?) i t  took about
tw elve hours to reach com pletion where as with r e l a t i v e y
-2  -3
concentrated so lu t io n  ( 1 x 1 0  M to 2 .5x10 M ) tiie upper l im it  
was s i x  hours.
Cuprous ch lor id e  and chromotropic ac id  (sodium s a l t ) ,  
both o f  equal concentration ( 2x10 ) were mixed in  the
fo llo w in g  r a t io s :
r a t io  2 :8
Cu 2 cc
Chromotropic 8 cc 
acid (N asa lt)
A fter keeping the so lu tion s  for more than s ix  hours, the  
absorbances were measured*
A ll  the absorption measurements were carried  out with  
Busch and Lomb *Spectronic 20» a f te r  allow ing s u f f ic ie n t  
warming up period for the instrum ent. Measurements above 
650 xsijx were made by introducing red f i l t e r .
3 :7 4:6 5:5 6:4 7:3
3 cc 4 cc 5 cc 6 cc 7 cc
7 cc 6 cc 5 cc 4 cc 3 cc
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Set I.
Table I
Concentration of CuCl " 
Concentration of D,N*S,“
2x1 O^M 
-3
2x10 M more than
0 ,D . was meanured a f te r  keeping the mixtures for  s i x  hours.
V/ave length Ratio o f  cuprous ch lor id e to D .N.S.
mM 3 :7 4:6 5 : 5 . 6 :4
(Curve a) .Curve b) tCurve c i C Curve d) C Curve eX Cur
400 0.46  ' 0 .70 0 .44 0 .50 0 .64
410 0.48 0 .58 0.36 0.31 0.52 1.5
420 0.48 0 .5 4 0.28 0 .27 0.42 1.2
■.4 3 0 0.58 0 .60 0.68 0.85 1.5 2 .0
450 0.45 0 .5 0 0.29 0.26 0.37 0.9
475 0 .30 0 .50 0 .30 0.22 0.36 0.8
500 0.32 0.46 0.29 0 .2 7 0 .24 0.6
525 0.28 0 .45 0 .28 0.23 0.22 0.6
550 0,22 0 .28 0.23 0.18 0.19 0.4
575 0 .07 0.21 0.13 0 .10 0 .10 0.2
600 0 .16 0.08
. . J 0.2
F ig .  1 ,
O ptical d en s ity  measurements carried out in  the range 400 m 
to  600 mA| showing on ly  one maxima a t  430 mXC for the Cu ( i ) -  DNS 
mixtures mixed in  th e  proportion o f  cuprous ch lor id e  to DNS as 
2 :8 ,  3*7» 4 :6 , 5 :5 , 6 :4  and 7:3 r e s p e c t iv ^ y .
For determining the composition o f  complex formed betweto jcupro 
and D .N .S ., Job»s method o f  continuous v a r ia tio n  was employed. The 
fo llow in g  s e ts  o f  mixture were prepared.
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Set No. I .
0 .5  cc , 1 .0  cc , 1*5 cc , 2 ,0  cc , 2 ,5  cc , 3 .0  cc , 3 ,5  , 4*0 cc anc
4 ,5  cc o f  CuCl mixed with 4 .5  cc , 4 .0  cc , 3*5 cc , 3 .0 ,  2*5 cc,
2 .0  cc , 1*5 cc , 1 .0  cc and 0 ,5  cc of DNS r e s p e c t iv ^ y .  The
-3
concentration  of both th e  reactants  was 2 ,5x10 M,
After keeping the mixtures for about s ix  hours, the optica l  
d en s it ie s  of the solutions were measured.
S et I I .  Concentration of the reactants  being
-3
2x10 M and the rea ct io n  mixtures were kept for  over s ix  hours 
before performing o p t ic a l  density  measurements. A ll  otiier 
d e ta i l s  being the  same as in  S e t ,  I ,
Set I I I .  Concentration of the reactants
r 1,25x10 M and the  o p t ic a l  d en s ity  measur^nents were 
performed a f te r  keeping for  about 9 hours, 
and Set IV. Concentration of the reactants
-  10x10 M and th e  0,D were noted a f te r  k e y in g  tiie so lu tions
fo r  about 12 hours.
The absorbances o f  the reactants  e . g .  CuCl and D.N.S. 
were found to  be n e g l ig ib le  a t  t h i s  wave-length v i z , ,  430 m , 
Curves were p lo tte d  between the  0,D of the mixtures and
the r a t io  ______  at 430 mXL.
Cu^ ' 4- D.N.S,
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Table 2 ,
Wave length  430 m >a .
Set I . Set II.
Vol. o f V o l. o f O.D. o f  the V ol. of V ol. o f 0 •D* of
CJICI DNS mixture CuCl DNS mixture
0.5  cc 4*5 cc 0 .5 8 0 .5  cc 4 .5  cc 0.30
1 .0  cc 4 .0  cc 0 .58 1 ,0  cc 4 .0  cc 0.32
1 .5 cc 3 .5  cc 0 .6 0 1 .5  cc 3*5 cc 0 .40
2 .0  cc 3 .0  cc 0 .68 2 .0  cc 3*0 cc 0 .54
2.5  cc 2 .5  cc 0 .85 ' 2 . 5  cc 2 .5  cc 0 .80
3 .0  cc 2 .0  cc 1.50 3 .0  cc 2 .0  cc U 10
3.5 cc 1 .5  cc 2 .0 3 .5  cc 1 .5  cc 1.40
4.0  cc 1 .0  cc 1 .0 4 .0  cc 1 .0  cc 1.20
4.5 cc 0 .5  cc 0 .9 0 4 .5  cc 0 .5  cc 0.80
(F ig . 2 , Curve 1) (F ig . 2 ,  Curve 2 ) ,
Table 3
Wave length  430 .
Set I I . Set I I I .
Vol. of V ol. o f O.D. o f  the V ol. o f V o l. of O.D. o f  the
CuCl D.N.S. mixture CuCl D.N.S. mixtur a
0 .5  cc 4 .5  cc 0 .08 0 .5  cc 4 .5  cc 0 .10
1 .0  cc 4 .0  cc 0.12 1 .0  cc 4 .0  cc 0 .10
1 .5  cc 3 .5  cc 0 .16 1.5  cc 3 .5  cc 0 .10
2 .0  cc 3 .0  cc 0 .28 2 .0  cc 3 .0  cc 0.12
2 .5  cc 2 .5  cc 0 .60 2 .5  cc 2 .5  cc 0.18
3 .0  cc 2 .0  cc 1 .0 3 .0  cc 2 .0  cc 0.48
3 .5  cc 1 .5  cc 1.20 3 .5  cc 1 .5  cc 0.85
4*0 cc 1 .0  cc 0 .9 4 4 .0  cc 1 .0  cc 0.46
4 .5  cc 0 .5  cc 0 .70 4 .5  cc 0 .5  cc 0.50
( F ig .  2 , Curve 3) ( F ig .  2 , Crcve 4)
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The composition o f  CuCl -  D.N.S. complex determined by 
the Job’ s method o f  continuous v a r ia tio n , was further in vestiga ted  
by the s lop e r a t io  method.
The r e s u l t s  are as  fo llo w s:
Table 4 .
-3
Set I .  V ol. o f  5x10 M D.H.S. s  2 .5  cc
-3
Strength o f  CuCl c  2 .5x10 M
Mixtures were kept for  s ix  hours to ensure complete 
rea ct io n  and then d ilu te d  to  5 cc .
-3
-3Set I I .  V ol. o f  5x10 M CuCl = 2 .5  cc
Strength o f  D.N.S. -  2 .5x10 'M
Mixtures were kept f o r  s ix  hours to ensure complete 
rea ct io n  and then  d ilu ted  to 5 cc .
V/ave len gth  430 m /t; 
Set I . Set I I .
V ol. o f CuCl O.D. V ol. o f  D.K.a. O.D. .
0 .0  cc 0.50 0 .0  cc 0 .96
0.1 cc 0 .50 0,1 cc 1 .0
0 .2  cc 0.52 0 .2  cc 1.10 .3  cc 0 .56 0.3 cc 1.10 .4  cc 0.58 0 ,4  cc 1.20 .6  cc 0 .6 0 0 ,6  cc 1.3
0 .8  cc 0.70 0 ,8  cc 1 ,4
1 »0 cc 0 .7 4 1 ,0  cc 1.5
1,2  cc 0 ,8 4 1.2 cc 1 ,6
1 .4  cc 0.92 1 ,4  cc 1 .8
1 .6  cc 0 .90 1 .6  cc 2 ,0
F ig .  3 , Curve 1 . P ig .  3 , Curve 2 .
hoc ^6b fiio
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Table 5 .
Set No. Ill
-3
V ol. o f  2 .5x10  K D.N.S. = 2 .5  cc 
Strength o f  CuCl -  3.3x10^^M
The so lu t io n s  were kpet for over s i x  hours before the
O.D, measurements.
Set No. IV
V ol. o f  2 .5 x l0 “\  CuCl = 2 .5  cc
-3
Strength o f  D .N.S. = 33x10 M
The so lu t io n s  were kept for s ix  hours before tiie O.D*
measurements and then d ilu te d  to 10 cc
Wave length: 430 mM 
Set I I I Set IV
V ol. o t  CuCl O.D. V ol. o f  D.N.S. O.D.
0 .0  cc 0 .10 0 .0  cc 0 .60
0.1 cc 0 .1 4 0.1 cc 0 .74
0 ,2  cc 0.18 0 .2  cc 0 .74
0.3  cc 0 .20 0,3  cc 0.80
0 .4  cc 0.26 0 .4  cc 0 .86
0 .6  cc 0.36 0 .6  cc 0 .94
0 ,8  cc 0 .40 0 .8  cc 1.10
1 ,0  cc 0 .4 4 1 ,0  cc 1.20
1.2  cc 0 .50 1.2 cc 1,20
1 .4  cc 0 .5 0 1 .4  cc 1.40
F ig ,  3 , Curve 3 . F ig ,  3 , Curve 4 .
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The composition o f  the c»niplex was also deteimined by the 
m odified slop  r a t io  method, suggested by B.S.V.R, Rao w hile  
studying the uranyl complexes of A lazarin  Red S.
The absorbances of the so lu tion s  (Table 4) were p lo tted
Curve 1 and 2
aga in st the concentration  o f  the variable components from either  
end of th e  x-axiS. The p o in t  o f  in te r s e c t io n  of the two curves 
corresponds to  th e  composition o f  the complex assuming that only  
one complex i s  formed. The re su lt  o f  such a p lo t  i s  given in  
f i g .  4 .
27
Formation constant of the complex;
The c a lc u la t io n  o f  s t a b i l i t y  constant of metal complexes 
by an o p t ic a l  method based on Beer* law u su a lly ,  though not  
n e c e s s a r i ly  require prior knowledge or an assumption concerning 
the formula o f  the complex being in v e s t ig a te d .  The formula 
o f  the complex, fo r  t h is  purpose, i s  u su a lly  determined by 
employing the method o f  continuous v a r ia t io n .
The o p t ic a l  density  o f  the so lu t io n  i s  used to determine 
the r e la t iv e  concentrations of one of the components (u su a lly  
the complex) involved  in  equ ilibrium . This in v o lv es  the 
assumption that only  one substance i s  appreciably coloured or 
th a t  the  in te r fer en ce  from other coloured m aterials may be 
over come by applying a correction , and th a t  Beer’ s law holds 
fo r  the coloured substance being measured.
Let us consider the sim ple equilibrium  
M + Ke M. Ke (1)
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for \rtiich th e  complex MKe is  the only  substance absorbing
in  the wave len gth  region being used for  the measurement.
We may w r ite  K -  (M e) (2)
tMTTKe)
I f  X i s  the o p t ic a l  d en sity  of a so lu t io n  and i f  Beer's
law i s  assumed to hold for  MKe, i t  fo l lo w s  th a t  for constant
len gth  o f  l i g h t  path
(MKe) -  KX (3)
where K i s  the constant of p r o p o r t io n a lity .  The constant may 
be determined by su ita b le  o p t ic a l  methods. Two comnran methods 
are g iven  below.
1 . For a second so lu t io n  having equal o p t ic a l  density but 
d iffe r e n t  concentrations o f  metal and ccxnplexing agent
(MKe) = KXg (4)
S ince -  Xg (MKe]], -  (MKe) 2 = (MKe)
Therefore we may w r ite
K -  (M Ke)___________
(C^-(MKe) ]  Ke -  ( l® e)|
(^C^  ^ -(MKe)] [cKeg ■(MKe)J (5)
where =; to ta l  concentrations o f fr e e  and combined
metal sp ec ies  in  so lution  1 and 2; and
ft, , = to ta l  concentrations o f  free and combined metal
^ e .  ^®2
complexing agent sp ec ies  in  so lu tion  1 and 2 .
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Since the values o f  and in  the experimental solutions
are knovriit the above equation may be so lved  for (M e) and K,
2 .  An other method for detennination  o f  K invo lves an 
o p t ic a l  measurement of the ch ela te  in  the presence o f  a large  
excess o f  one o f  the reagents so that formation o f  the chelate  
or complex may be considered to be com plete. In order to  th is  
i t  i s  necessary that the reagent in  ex cess  have not even a weak 
absorbance band a t  the wave length  used . The e x t in c t io n  
c o e f f ic e n t  fo r  the colored  complex may then be ca lcu la ted  from 
Beer’ s law. Measurement o f  O.D. are then made a t  concentraticns 
o f  the reagent such th a t  the formation o f  the complex i s  
incomplete and the concentration  of the complex i s  ca lcu lated  
d ir e c t ly  from Beer’ s law . I f  the formula o f  the complex is  
known, th e  co n ca itr a t io n  of fr e e  metal ion  and of complexing 
agent may be determined and K may be ca lcu lated*
28Turner and Anderson in v e s t ig a te d  the complexes o f  
Cu ( i i )  with s u lp h o s a l ic y l ic  acid  and ca lcu la ted  the values o f  
formation constant for 1:1 complex by emplpying both the methods 
described above. The equilibrium  constant ( th e  reciproca l of th  
formation constant,'^ reported from both ihe  methods agreed quite  
w e l l .
The formation constant of the complex in  our c a s e ,  was 
c a lcu la ted  as fo llo w s;
Consider the r e a c t io n
2 Cu A + D .N .S .c = ^  CU2 (D .N .S .)
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I f ’x represents th e  complex concentration  a t  equilibrium  
and a and b the concentrations i n i t i a l l y  present of the metal 
ion  and complexing agent r e s p e c t iv e ly ,  the formation constant 
i s  given by K * x  /  (a-2x) (b-x)
Taking two values o f  a and b showing the same absorbance i . e .  
the same value of x we have
(a-2x)"^(b^-x) (a?2x)^ (b2 -  x  )
Or X 3 ( ( a 2“a^)^ -  4 (a2b2-a^b^)) J  ^ (a2b2“a^b
-  16 (agbg -  a^ b^) ( (bg  -  ag) T (a^ -  b ^ )  /
8 ((bg  -  a^) -  (a^ -  b^))
•
For determining the value o f  the formation constant, the  
O.D., readings recorded during the continuous v ar ia tion  
measurements were u t i l i z e d .  Following s e t s  o f  observations  
were used for ca lcu la t in g  the value of formation constant.
O.D. o f  the mixtures = 1.1
-3
Set No. I .  Cone, o f CuCl (a^) » 8.3 x 2 x 10 M, Cone, of
DNS (b^) a 1 .7  X 2 X 10“^
Set Ho. I I .  Cone, of CuCl i&2 ) * 7*5 x 1.25 x  10 \  Cone, o f
m s  (b2) a, 2.5x1*^ X 10“\ .
The absorbances o f  the m ixtures o f  CuCl and DNS at
/ ,'!jr
H r  l -
!
o
—O—..
- o
-^ oc ^ '0  500 •S'50
VvfCvAf^ :. 1 \rri,
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d if fe r e n t  pH to  7 ) were measured and the e f f e c t  of pH on 
the absorption was q u a n t ita t iv e ly  stu d ied .
Equimolecular so lu t io n s  of cuprous ch loride and DNS 
o f  c o n c ^ tr a t io n  1 x 10 S i  were prepared. Six samples o f  the 
complex having t o t a l  voliane 1 ,0  cc ( in  the r a t io  of Cu"^  to DNS 
as 2 : 1 )  were prepared and then  d ilu ted  to  ten tim es by the 
Walpole a ce ta te  b uffers  o f  the range 4 ,5  to  6 .5 0 .  The pH of  
the d ilu te d  samples were then measm:*ed with the help of Beckman 
pH meter (model G) with g la ss  e lec tro d es  of general u t i l i t y  and 
the so lu t io n s  were then kept for  over s i x  hours to  ensure complet 
r e a c t io n . The o p t ic a l  d e n s i t ie s  o f  the mixtures were noted  
in  the wave len gth  range of 400 to 600 mu.
Table 6 .
T otal concentration  o f  the complex ;  1 x lO'^M
Wave
length
mu
pH » 4 .6  
O.D.
pH« 5.1 
O.D.
pH = 5 .5
O.D.
pH = 6 .0  
O.D.
pH ^ 6 .5  pH a 7 .0  
O.D. O.D.
400 0 .08 0.08 0 .20
*  * 
0.36
• • ♦ . 
0 .60  0.80
420 - 0.01 0 .10 0.56 0 .76  0.90
430 0 .0 4 0 .30 0.48 0.78 0.88 1 .0
450 0.02 0.08 0.26 0 .44 0 .70  0 .80
475 0.02 0 .04 0.08 0.18 0 .40  0.48
500 0.02 0 .0 4 0.08 0 .10 0 .42  0.46
525 0.02 0.08 0 .10 0 .1 4 0 .4 0  0 .44
550 0,02 0 .10 0 .1 4 0 .20 0 .26  0 .30
575 0 .0 4 0 .0 4 0 .10 0 ,26 0 ,26 0 ,30
600 * 0.02 0 .0 4 0.08 0 .30  • 0 .30
F ig .  5 .  Curve 1, 2 , 3, 4 , 5 and 6 .
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Spectrophotometrie s tu d ie s  on C u(ll)  ~ chromotro p ic  acid  
(sodium s a l t )  Complex.
Like CuCl) chromotropic a c id  r e a c t io n , the reaction  
between cupric ch lor id e  and chromotropic acid  was a lso  found 
to  be a slow one and took considerable time fo r  completion - 
depending upon the concentration  and the pH of the reaction
m ixtures. Thus i t  took two to three hours for completion in
-3 -4
the concentration  range 2*5 x 10 M to  5 x 10 M.With more
d i lu te  so lu t io n s  the time fo r  completion increased  considerably  
and some time i t  took tw elve hours for  the red  colour to develop.
In  order to  determine the number o f  complexes formed by 
the in te r a c t io n  o f  cupric ch lor id e and MTS, the method of 
Vosburgh and Cooper was fo llow ed .
Equimolar so lu t io n s  o f  the r e a c ta n ts  (cu pric  ch loride
-3
and DNS) o f  concentration 1 x  10 were mixed In the fo llow ing  
order and the O.D. were measured in  the wave length range of  
400 mu to 650 mu.
Ratio 2 : 8 3 : 7 4 : 6 5 : 5 6 : 4
Cu^^ 2 cc 3 cc 4 cc 5 cc 6 cc
D.N.S. 8 cc 7 cc 6 cc 5 cc 4 cc
Before performing the O.D. measurements, the rea ct io n  
mixtures were kept for over two hours for completion of tiie 
rea c t io n  ( in d ic a te d  by the appearance of red colour in  the 
s o lu t io n s ) .
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The O.D. measurements were carried  out with Beckman D.TJ. 
Spectrophotometer with 1 cm cor ex c e l l s  and a tungsten lamp 
as the l i g h t  ^ u r c e .
Table 7 .
Set ! •  Concentration o f  CUCI2 » 1 x
Concentration o f  D,N,S, s  1 x 10 
O.D. was measured a f te r  keeping the mixtures for over t w  hours.
Wavelength Ratio of Cupric Chloride to D.N.S.
mu 2 * 8 3 : 7 4 : 6 5 : 5 6 : 4
400 0.310 0.140 0.195 0 .20 0.230
410 0,310 0.145 0.190 0.210 0.235
420 0 .3 0 0.155 0 .20 0.220 0.245
430 0 .30 0.165 0.210 0.235 0.260
440 0 .3 0 0.175 0.220 0.25 0.270
450 0.30 0.185 0.230 0.265 0.285
460 0 .30 0.190 0.245 0.280 0.295 %
475 0.32 0 .20 0.265 0.315 0.330
480 0.33 0.210 0.290 0.335 0.360
490 0.33 0.225 0.310 0.345 0.375
500 0 .3 4 0.230 0.340 0.385 0.410
525 0.370 0.255 0.405 0.430 0.450
530 0.360 0.25 0.395 0.425 0.44
535 0.365 0.240 0.390 0.415 0.430
550 0.325 0.215 0.375 0.365 0.395
575 0.240 0.150 0.255 0.245 0.275
600 0.135 0.070 0.155 0 .20 0.230
625 0.090 0.040 0,090 0.130 0.150
650 0.070 0.025 0.060 0,075 0.090
F ig . 6 ; Curve 1, 2 , 3 , 4 and 5*
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Absorption experiments carried  out in  the range 400 mu to 
650 mu showed one maxima a t  525 mu for the C u(ii)  -  D.N.S. 
complex.
For determining the composition o f  the complex fonned 
between cupric ch lor id e  and chromotropic and (Na s a l t ) ,  Job’ s 
method o f  continuous v a r ia tio n  was onployed. The following  
s e t s  o f  mixture were prepared.
Set I ,  0 .5  cc i^ 1*0 cc , 1 .5  cc , 2 .0  cc , 2 .5  cc , 3 .0  cc , 3 .5  cc,
4 .0  cc , and 4*5 cc o f  CUCI2 were mixed with 4 .5  cc , 4 .0 cc ,
3*5 cc , 3 .0  cc, 2 .5  cc , 2 .0  cc , 1 .5  cc , 1 .0  cc and
0 .5  cc of DNS r e s p e c t iv e ly .  The con ca itra tion  o f  both 
the reactan ts  was 1*66 x lO^M. Before carrying out 
the absorption  experiments, the so lu t io n s  were kept for 
n early  two hours t o  make the  re a c t io n  com plete.
Set I I .  Concentration o f  the rea cta n ts  being 1.25 x  10 \  and 
the r e a c t io n  mixtures were kept for over t w  hour to 
ensure complete r e a c t io n .  A ll other d e t a i l  being the 
same as in  Set I .
Set I I I .  Cone n itr a t io n  o f  the reactant z  1 .0  x 10 \  and the
o p t ic a l  d o is i t y  measurements were performed a fter  keeping 
the rea ct io n  m ixtures for about three hours.
The absorbances o f  the reactants  e . g .  CuClg and 
DNS were found to be n e g l ig ib le  in  t h i s  concentration  
range and a t  the wave len gth  525 m>i.
-  44 -
Curves were p lo tted  between the O.D, o f  the mixtures
and the r a t io a t  525 mu.
+ DNS
Table 8.
Set No. I . Set No. I I .
Vol. o f  CuCl^ Vol. o f  DNS O.D. of V ol. o f Vol. o f O.D. of
the CuClp D.N.S. the
mixture mixture
0 .5  cc 4 .5  cc 0 .0 7  0 .5  cc 4 .5  cc 0
1 .0  cc 4 .0  cc 0.22 1 .0  cc 4 .0  cc 0.16
1 .5  cc 3 .5  cc 0 .6 0  1 .5  cc 3 .5  cc 0 .46
2 .0  cc 3 .0  cc 1 .30  2 .0  cc 3 .0  cc 1 .0
2 .5  cc 2 .5  cc 1 .60  2 .5  cc 2 .5  cc n 4 o
3 .0  cc 2 ,0  cc 1 .40  3 .0  cc 2 .0  cc 1.26
3*5 cc 1 .5  cc 1 .10  3 .5  cc 1 .5  cc 1.0
4 .0  cc 1 .0  cc 0 .80  4 .0  cc 1 .0  cc 0.70
4 .5  cc 0*5 cc 0 .57  4 .5  cc 0 .5  cc 0.38
S et No. I l l *
V ol. o f  CuClg V ol. o f  D.N .S .  O.D. o f  mixture
0 .5  cc 4 .5  cc 0
1 *0 cc 4 .0  cc 0 .10
1 .5  cc 3 .5  cc 0 .40
2 .0  cc 3 .0  cc 0 .74
2 .5  cc 2 .5  cc 1.1
3 .0  cc 2 .0  cc 0 .76
3 .5  cc 1 .5  cc 0.32
4 .0  cc 1 .0  cc 0.08
4 .5  cc 0 .5  cc . 0.02
F ig .  7, Curve No. CD > ( 2 ) ,  ( 3 ) .
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The composition o f  CuCl2“ D.N.S, complex was furthur 
in v e s t ig a te d  by carrying out s lop e ra t io  method.
The r e s u l t s  are as fo llo w s:
Table 9 .
ccS et I .  V o l. o f  D.N.S. z 1
Strength of CuClg r 5x10’ M^
Mixtures were kept fo r  two hours.
Each mixture was d ilu te d  a f te r  completion of the reaction  -  5 cc
Set I I .  V ol. o f  1x10"^M CUCI2 = 1 cc
-3Strength o f  D .N .S . = 5x10 M
Mixtures were kept for about two hours*
Each mixture was d ilu ted  a f te r  completion o f  the reaction  ^ 5 cc
Wave length: 525 mu
Uww JL«
V ol. o f  CUCI2 O.D. V o l. o f  D.N.S. O.D.
0 cc 0 .060 0 cc 0 .10
0.1 cc 0 .060 0.1 cc 0 .10
0 .2' cc 0.070 0 .2  cc 0.130
0 .5  cc 0 .10 0 .5  cc 0.140
1 .0  cc 0.110 1 .0  cc 0.170
1 .2  cc 0.130 1 .2  cc 0.175
1 .4  cc 0.140 1 .4  cc 0.190
1 .5 cc 0.145 1.5  cc 0 .20
2 .0  cc 0.170 2 .0  cc 0.220
2 .5  cc 0.220 2 .5  cc 0.25
3 .0  cc 0.240 3 .0  cc 0.275
3 .5  cc 0.410 3 .5  cc 0.280
F ig . ,  8, Curve 1 . F ig .  8 , Curve 2 .
0-3 0 -2) Ci.ti 0-5 0 <» Q'? o  t
:1
a
■-1113
0 ) a w l ^ ^ )  Cu.d:> cxAAtii
ac .^disjL
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Table 9 .
Set No. I I I .  V ol. o f  5x1 D .N.S. -  1 cc
Strength of CUCI2 = 2 .5x10“^ M
Mixtures were kept fo r  two hours.
Set Ho. IT. V o l. o f  5x10“^  OuCl, ;  1 oo
^ -3Strenglii of D.N.S, c 2 .5x10  M
Mixtures were kept for over tvro hours.
Each mixture o f  the s e t  I I I  and IV were d ilu te d  a f te r  
completion o f  the rea ct io n  x  5 c c .
V/ave lengtii 525 mu
Set No. I I I .  Set No. IV.
V o l. o f  CuClg O.D. V o l. o f D.N.S. O.D.
0 . cc 0 . cc
.  J
0.2 cc 0.01 0 .2 cc 0.02
0 .5 cc 0.01 0,5 cc 0.03
1 .0 cc 0 .0 4 1 ,0 cc 0 .07
1 .5 cc 0.065 1 .5 cc 0 .10
2 .0 cc 0.075 2 .0 cc 0.125
2 .5 cc 0.13 2 .5 cc 0.150
3 .0 cc 0 .16 3 .0 cc 0.180
3 .5 cc 0 .17 3 .5 cc 0.22
4 .0 cc 0 .20 4 .0 cc 0.25
F ig ,  8 , Curve (3) P ig .  8 , Curve (4)
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In  order to  study th e  in f lu e n c e  o f  pH on the absorbance 
maxima, equimolecular so lu t io n s  o f  the rea cta n ts  of concentration  
1x10“^  were prepared in  the r a t io  o f  1:1 ( t o t a l  voloume 1 .0  cc) 
and d ilu te d  w ith  b u ffers  o f  the pH range 2 .5  to 11 .0  (employing 
c i t r i c  ac id  -  NaoH buffer for  pH range 2 .5  to 3 .5? Walpole 
a c e t ic  acid  b uffer  fo r  th e  range 3 .5  to 6 .0 ,  and phosphate 
b u ffers  fo r  6 .0  to 11 .0) to  10 cc .
The so lu t io n s  were kept fo r  three hours and the  
absorbances were noted a t  d iffer en t  wave le n g th s  ranging 
from 400 mu to  650 mu.
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The formation constant and free  energy was ca lcu lated  
as fo llo w s:
For th e  rea ct io n  mil + Am
where m/n =* 1 or m=n=1 ; K = x
^
< where x i s  the concentration o f  the complex, and a and b 
are the i n i t i a l  concentrations o f  cupric ch lor id e  and D.N.S. 
r e s p e c t iv e ly ) .  Taking two concentration  a , and a2 » and b, and 
b2 o f  the reactan ts  g iv ing  ttie same o p t ic a l  d en s ity .
K r  X X
ra^-x) Cb-j-pc) (a2"X) Cb2~^)
Knowing th e  value o f  x from the above equation, K i s  
ca lcu la ted  from d if f e r e n t  values o f  a and b.
The Values of a^, b^, a^, b  ^ and x were determined
from the f ig u r e  o f  Job 's method of continuous v a r ia tio n ,  
used for  the composition o f  Cu ( i i) -:P .K ,S . complex C F ig .  7, 
Curve ( 1 ) , ( 2 )  and (3) v id e  Table No. 8 .)  and the values are 
given as fo llo w s;
Values of a  ^ and b^  are 3,1x166x10 and 6,9x1,66x10
-3 -3
and th a t  o f  a£ and b2 3 , 6x 1 ,25x10 and 6 ,4x1.25x10
r e s p e c t iv e ly  a t  th e  O.D (O .7O).
- 50 -
Spectrophotometrlc s tu d ie s  on M n (lll)  7^  Ghromotropic acid  
(sodlmn s a l t )  cxjmplex;
In order to  determine the number of complexes formed
by the In tera c tio n  of M n (ill)  3 0 ^  M S, the method of
Vosburgh and Cooper was employed, Equlmolar so lu t io n s  of the
-2
rea cta n ts  o f  concentration  1 x 10 M were mixed In the ra t io
o f  M n (ill)  to  DNS as 2 :8 , 3 :7 , 4 :6 , 5 :5 , 6 :4  and 7:3 by
mixing 2 , 0 , 3 . 0 , 4 . 0 , 5 . 0 , 6 ,0  and 7 ,0  cc of manganic sulphate
to  8 ,0 ,  7 , 0 , 6 ,0 ,  5 ,0 ,  4 ,0  and 3 .0  cc of D,N. S and respectlvaO!
th e ir  o p t ic a l  density  were measured In the wave length  range
of 350 to  600 mu. A lso , M n (lll)  su lphate of con ca itra tlon  
-2
1 X 10' M was mixed with d l l ,  H2S0 jj^  so that the mixtures In th< 
r a t io  of M n (lll)  to  d l l  H^SO  ^ as 2 :8 ,  3 :7 , 4 :6 , 5:5, 6:4  and 
7:3 were obtained and th e ir  o p t ic a l  density  were also measured 
In the wave length  range of 350 to  600 mu*
The 0 ,D , measuremaits were performed with ^ s c h  and Lomi 
»Spectronlc 20* a fter  g iv ing s u f f i c i e n t  warming up period to  
the apparatus.
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Set I .  Concentration o f  M n (iii)  su lphate ■  1 x
Concentration o f  D.N.S. s i x  10” -^I
Wavelength Ratio o f  M n (iii)  sulphate to D.N.S.
2 :8  3 :7  4:6  5:5 6 :4  7s3
Table 11,
mu
350 1 .3 0  1 .20 1 .20  1 .20 1 .1 1 .5
360 1 .20 1 .10  1 .10  1 .10  1.1 1.40
370 0 .52  0.61 0 .90  0 .95  1 ,0  1.30
380 0 .25  0.39 0 .52  0 .6 0  0 .8 0  0.90
390 0.190 0 .3 4  0 .42  0 .50  0 .70  0.80
400 0.180 0 .3 7  0.49 0.51 0.75 0.38
410 0.21 0.A4 0 .50  0 .56  0 .90  0.95
420 b .22 0 .49 0.53 0 .59  0 .95  1 .0
430 0.21 0 .44  0 .56  0 .60  0 .90  1.1
440 0 .2 0  0 .46  0 .5 4  0 .58  0.88 1.1
450 0 .2 0  0 .39  0 .50  0 .5 4  0 .85  O.9O
475 0 .1 4  0 .2 7  0 .37  0 .40  0 .62 0.69
500 0 .08  0 .15  0.21 0 .22  0 .36  0 .37
525 0.03 0 .07  0.11 0.13 0 .1 4  0.19
550 0 .02 0 .05 0 .07  0 .09 0 .07  0.12
575 0.01 0.03 0 .0 4  0 .08  0.03 O.O5
600 0.01 0 .0 4  0.03 0 .07  0 .02 0.01
F ig .  10, Curve 1, 2 , 3 , 4, 5 and 6 .
“ 52 -
Table 12,
Set I I .  Strength of M n (lii)  SO  ^ so lu t io n  a 1 x 10 " ^
Wave lengtii Ratio of M n (lli)  sulphate to  d i l  HpSO,
2:8  3s7 4:6  5:5 6:4
350 0 ,18 0.21 0 .28 0 .37 0,45
360 0.15 0 .20 0.22 0.325 0,36
370 0,11 0,15 0 .1 7 0.245 0 ,34
380 0 .10 0.12 0 .1 4 0.19 0.25
390 0,075 0,105 0.12 0,135 0,18
400 0.05 0.075 0.09 0,125 0.125
410 0 ,0 4 0 .06 0 .0 7 0,09 0,11
420 0.03 0 .04 0.06 0.09 0,11
430 0.015 0 .0 4 0.06 0 .10 0,12
440 0.110 0.045 0.075 0.11 0,13
450 0.010 0.05 0.075 0.125 0,15
475 0,03 0.075 0.09 0.15 0,20
500 0,05 0.09 0.11 0.175 0 ,24
515 0.11 0.10 0,12 0,180 0,25
525 0.08 0.09 0.11 0 .14 0 .20
550 0,02 0 .0 4 0 .07 0.09 0,12
F ig ,  11, Curve 1, 2 ,  3 , 4 and 5 .
Absorption experiments carried  out in  the range 350 to
600 mu show the complex was found to be a t  430 mu
vrtiereas the M n (iii)  showed a s in g le  absorption peak a t  515 mu.
The composition o f  the M n (iii)  -  DNS complex was 
determined by Job's method of continuous v a r ia t io n .  The 
fo llow in g  s e t s  of mixtures were prepared:
S et No, 1 ,  0 ,5  cc , 1 ,0  cc , 1 ,5  cc , 2 ,0  cc , 2 ,5  cc , 3 .0  cc, 4 .0  cc
and 4 ,5  cc of M n (iii)  SO4 were mixed with 4 ,5  cc,
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4 .0  cc , 3 .5  cc , 3 .0  cc , 2 ,5  cc , 2 .0  cc , 1*5 cc , 1 .0  cc and 
0 .5  cc o f  DJ^.S. r e s p e c t iv e ly .  The conceit  r a t i  on o f  both tiie 
reactan ts  was 2 ,5  x 10”^ M.
-3
S e t ,  I I ,  Concentration of the reactsrits  being 1,66 x 10-^M, 
a l l  other d e t a i l s  being the same as in  Set I ,
Set I I I ,  Concentration o f  the rea cta n ts  = 1,25 x 10”^ M and
'.j
a l l  other d e t a i l s  being the sane as in  Set I ,
Set IV, Concentration of the reactant 1 ,0  z  1 0 " \  and other  
d e t a i l s  being the  same as in  Set I ,
The absorbances of the reactants  e , g , ,  M n (iii)  SO  ^ and 
D,N,S, were found to be n e g l ig ib le  in  th is  concentration  range,
«
Curves were p lo t te d  between the 0,1), o f the mixtures 
and the r a t io  Mn(iii)/Mn^^^ t  D.N.S, a t  430 mu.
Table 13,
Wave length  : 430 mu.
Set I , Set I I ,
V ol. o f  
D.N,S,
O.D. of the  
mixtures Mn SO4
V ol. of 
D.N .S .
0 ,D , o f the 
m ixtures.
0 ,5  cc 4 ,5  cc 0 ,6 0 ,5  cc 4 .5  cc 0,03
1 ,0  cc 4 ,0  cc 0 ,10 1 ,0  cc 4 .0  cc 0.08
1 ,5 cc 3 ,5  cc 0,15 1 ,5  cc 3 .5  cc 0,12
2 ,0  cc 3 ,0  cc 0,25 2 ,0  cc 3 .0  cc 0 ,14
2 ,5  cc 2 ,5  cc 0,45 2 ,5  cc 2 ,5  cc 0 ,34
3 ,0  cc 2 ,0  cc 0,41 3 ,0  cc 2 ,0  cc 0.32
3 .5 cc 1 ,5  cc 0 ,50 3 .5 cc 1 ,5  cc 0,36
4 ,0  cc 1 ,0  cc 0,71 4 .0  cc 1 ,0  cc 0,53
4 ,5  cc 0 ,5  cc 1 ,10 4 .5  cc 0 ,5  cc 0.95
F ig , 12, Curve 1 , Fig , 1 2 ,  Curve 2 ,
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Table 14,
v7ave length 430 mu
S et I I I . Set IV.
Vol. o f  V ol. o f  
D.N.S.
O.D, o f  
the
mixtures
V ol. o f
Mn^^So4
V ol. o f  
D.N.S.
O.D. of  
the
mixtures
0 .5 cc 4 .5 cc 0.01 0 .5 cc 4 .5 cc 0
1 .0 cc 4 .0 cc 0.05 1 .0 cc 4 .0 cc 0.02
1 .5 cc 3 .5 cc 0 .06 1.5 cc 3 .5 cc 0.03
2 .0 cc 3 .0 cc 0.09 2 .0 cc 3 .0 cc 0 .0 7
2 .5 cc ' 2 .5 cc 0 .2 0 2 .5 cc 2 .5 cc 0.18
3 .0 cc 2 .0 cc 0.18 3 .0 cc 2 .0 cc 0.15
3 .5 cc 1 .5 cc 0.29 3 .5 cc 1.5 cc 0.26
4 .0 cc 1 .0 cc 0.41 4 .0 cc 1 .0 cc 0 .36
4 .5 cc 0 .5 cc 0.71 4 .5 cc 0 .5 cc 0 .48
F ig .  12, Curve (3) F ig ,  12, Curve ( 4 ) .
The Composition o f  MS was furthur in v e s t ig a ted
by carrying out slope r a t io  meliiod.
The r e s u l t s  are given below:
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Table 15.
S et I ,  V ol. o f  2 .50x10“\  D.N.S. s  1 cc
Strength o f  M n (iii)  SO  ^ =. 1.66xlO“ M^
Set I I .  V ol. o f  2 .50x10”\  M n (iii)  SO  ^ = 1 cc
Strength of D.H.S. = 1.66x10"^M
The mixtures of the Set I  and I I  were d ilu te d  to 5 cc .
Wave len gth  430 mu
V ol. o f O.D. V ol. o f  D.N.S. O.D.
0 cc 0 cc
0 .2  cc 0.010 0 .2  cc
0 .5  cc 0.040 0 .5  cc
1 .0  cc 0 .110 1 .0  cc 0.025
1 .5  cc 0.180 1.5  cc 0.150
2 .0  cc 0 .250 2 .0  cc 0.140
2 .5  cc 0 .310 2 .5  cc 0.160
3 .0  cc 0 .380 3 .0  cc 0.220
3 .5  cc 0.260
P ig .  13, Curve (1) P ig .  13, Curve (2)
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Table 16.
Set I I I .  V ol. o f  1 .66x10"^M D.N.S, -  1 cc
Strength of M n (iii)  SO4 -  1x10“ M^
S et IV. V o l. o f  1 .6 6 x 1 0 ~ \  M n (iii)  SO4 = 1 cc
Strength of D.N.S. = 1x1
The mixtures o f  the s e t  I I I  and IV were d i lu te d  to 5 cc .
Wave length: 430 mu
Vol* o f  Mn(iii)SO^ O.D. V o l. o f  D.N.S. O.D.
0 cc 0.01 0 cc
0*2 cc 0.025 0 .5  cc -
0 ,5  cc 0.025 1 .0  cc O.O1O
1 .0  cc 0.050 1.5 cc 0.015
1 .5 cc 0.050 2 .0  cc 0.02
2 .0  cc 0 .060 2 .5  cc 0.025
2 .5  cc 0.080 3 .0  cc 0.030
3 .0  cc 0.120 3 .5  cc 0.040
3 .5  cc 0.130 4 .0  cc 0.070
4 .0  cc 0.150 4 .5  cc 0.080
F ig .  13, Curve (3) F ig .  14, Curve (4)
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The formation constant and fr e e  evergy was ca lcu la ted  
by the method used in  case o f  Cu ( i i ) ) — D,N.S, complex,
k = ^  -  X
(a^-x) Cb^-x) (a2-x; (b2-x)
or X = ^2
(a^+b^)-Ca2+b2)
where x represents the concentration of the complex at  
equilibrium  and (a^+b^) and concentration
o f  the reactants  being -tiie same O.D.
For two m ixtures having tiie same o p t ic a l  d en sity  (0 ,20)  
the va lues o f  a^, ^  come out (from the continuous
v a r ia tio n  curves F ig .  1 2 ) ,
a  ^ -  6 .2 x 1 .2 5 x 1 0 " ^ , b^  ^ 3 .8x1 .25x1 o“\
-3 -3&2 r 6 .6x1 .0x10  M, b2 s  3 *4x1x1 O' M
Spectrophotometric s tu d ie s  on y(iv)-Ghromotropic acid  (sodium sa lt
Prelim inary experiments showed th a t  the re a c t io n  between
vanadyl sulphate and D.N.3, was a slow one. In the  case of
-3 -3
f a i r l y  concentrated so lu tion s (2 .5x10  M to IxlO '^^ K) i t  took
about s ix  hours for  completion whereas with d i lu te  so lu tions  
-3 -4(1x10' M to  2x10-^  jf) time in te r v a l  was more than twelve  
hours.
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In order to determine the number of complexes formed 
by th e  in te r a c t io n  o f  v.anadyl su lphate with D .N .S ., 1iie method 
o f  Vosburgh and cooper was fo llow ed .
Equimolecular so lu t io n  (2 ,5x10“^M) o f  vanadyl sulphate 
and chromotropic ac id  (Ha s a l t )  were mixed in  the r a t io s  
2 :8 ,  3 :7 ,  4 :6 , 5:5; 6 :4  and 7t3 r e s p e c t iv e ly  and were kept 
for about s i x  hours to ensure complete reaction , th e ir  0.D, 
in  1 Cu corex c e l l  were measured at d if fe r e n t  wave lengths  
( 400 mu to 650 mu) w ith  a D.U. Spectrophotometer (tungsten  
lamp as the source o f  l i g h t ) •
Table 17.
Concentration o f  Vanadyl su lphate -  2.5xlO'^M 
Concentration o f  D.N.S. « 2 ,5xlO “ M^ 
O.D. was measured a f te r  keeping the mixtures for over 
s ix  hours.
Wavelength Ratio o f  vanadyl sulphate to  D.H.S.
mu
__2j 8___ 3 : 7 4:6 5:5 6:4 7:3
400 0 .2 0 .40 0 .8 0 0 ,80 1 .0 1.10
A25 0.12 0.26 0 .50 0 .70 0.90 1 .0
450 0 .10 0.18 0 .40 0 .5 4 0 .94 1.1
475 0 .0 4 0 .1 4 0 .20 0.42 0 .8 4 1 .0
500 0.02 0.12 0 .20 0 .3 4 0.70 0.80
525 0 .1 4 0 .2 4 0 .3 4 0 .40 0.52 0.70
550 0 .10 0 .16 0 .3 0 0 .36 0 .5 4 0.58
575 0.06 0 .14 0 .20 0 .30 0 .40 0 .50
600 0 .0 4 0 .10 0 .18 0 .30 0.32 0 .38
625 0 .0 4 0.08 0 .1 4 0 ,20 0.26 0 .30
650 0 .0 4
t
0 .06 0 .16 0 .20 0.22 0 .30
F ig .  14, Curve (1) , ( 2 )  , ( 3 )  , (4 )  , (5 )  and ( 6 ) .
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Absorption experiments carried  out in  the range 400 mu 
to 650 show one maxima a t  525 mu for V (iv)-J).N .S , complex.
• «■
The Job 's  method o f  continuous va r ia tio n  was employed to 
determine the composition o f  V ( i v ) -  D .N .3. complex* The 
fo llow in g  s e t s  o f  mixtures were prepared Set No* I*
0*5 cc , 1 ,0  cc, 1 .5  cc , 2 ,0  cc , 2 ,5  cc , 3*0 cc, 3 .5  cc, 
4*0 cc and 4 .5  cc o f  VO 3 0 were mixed with 4.5 cc , 4 .0  cc,
3 .5  cc , 3*0 cc , 2*5 cc , 2*0 cc , 1 .5  cc , 1*0 cc and 0 ,5  cc of  
D.N.S. r e s p e c t iv e ly .  T he concentration  of both ttie reactants  
was 2 .5x10”^M.
Before carrying out the absorption experiments, -ttie so lu tions  
were kept for  n ear ly  s ix  hours to ensure complete r e a c t io n .
-3
Set I I .  Concentration o f  the reactants  being 2 ,0x10 M and 
the react ion s  mixtures were kept fo r  over s ix  hours. A ll  
other d e ta i l s  being the same as in  Set I ,
Set I I I .  Concentration of the r ea c ta n ts  -  1,66x10 M and -ttie 
react ion s  mixtures were kept for over s ix  hours.
-3Set IV, Concentration of the rea cta n ts  -  1,25x10 M, the
rea ct io n  mixtures were kpet for over s ix  hours*
The absorbances of the reactan ts  e . g .  VOSO/j^  and D.N.S.
were found to be n e g l ig ib le  in  th is  concentration range and
wave length  (525 mu).
Curves were p lo tte d  between the O.D. o f  the mixtures
and the r a t io  YO^  ^ ' a t 525 mu.
VO D.N.S.
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Table 18.
V/ave length: 525 mu 
Set I . Set I I .
V ol. o f  
VOSO4
V ol. of  
D.K.S.
O.D, o f  
the
mixtures
V ol. o f  
VOSO 4
V ol. o f  
D.H.S.
O.D. of  
the ’ 
mixture
0 .5  cc 4 .5  cc 0.290 0 .5  cc 4 .5  cc 0.20
1 .0  cc 4 .0  cc 0.40 1 .0  cc 4 .0  cc 0.26
1 .5  cc 3 .5  cc 0 .50 1 .5 cc 3 .5  cc 0.31
2 .0  cc 3 .0  cc 0 .57 2 .0  cc 3 .0  cc 0 .40
2 .5  cc 2 .5  cc 0 .64 2 .5  cc 2 .5  cc 0 .44
3 .0  cc 2 .0  cc 0 .57 3 .0  cc 2 .0  cc 0.39
3 .5  cc 1 .5  cc 0 .46 3 .5  cc 1 .5  cc 0.33
4 .0  cc 1 .0  cc 0 .36 4 .0  cc 1 .0  cc 0.27
4 .5  cc 0 .5  cc 0.29 4 .5  cc 0 .5  cc 0 .20
F i g . 15, Curve (1) P ig .  15, Curve (2)
Table 19.
\fave lexif^th: 525 mu
Set I I I . Set IV.
V o l. o f V ol. o f O.D. o f V o l. of V ol. o f 0 .D .6 f
VOSO, D.N.S. the VOSO. D,¥. .S . ttie
Hr mixture Hr mixture
0 .5  CC 4 .5  cc 0.05 0 .5  cc 4 .5  cc 0.05y • V w1 .0  cc 4 .0  cc 0 .16 1 .0  cc 4 .0  cc 0.12
1 .5  cc 3 .5  cc 0 .2 4 1 .5  cc 3 .5  cc 0 .20
2 .0  cc 3 -0  cc 0.29 2 .0  cc 3 .0  00 0 .28
2 .5  cc 2 .5  cc 0 .38 2 .5  cc 2 i5  cc 0 .3 4
3*0 cc 2 .0  cc 0 .35 3 .0  cc 2 .0  cc 0 .30
3 .5  cc 1 .5  cc 0 .30 3 .5  cc 1 .5  cc 0.25
4 .0  cc 1 .0  cc 0.23 4 .0  cc 1 .0  cc 0.19
4 .5  cc 0 .5  cc 0 .15 4 .5  cc 0 .5  cc 0 .14
F ig .  15, Curve (3) P ig .  15, Gitpve (4)
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The composition o f  V(iv)-D,N*S. was furthur in v est ig a ted  
by employing slope r a t io  method.
Table 2 0 .
-2Set I .  V o l.  o f  1x10 M DN.S. = 1?0cc 
Strength o f  VOSO^  -  5x10"^K 
Mixtures were kept for s ix  hours.
Each mixture was d ilu ted  to  5 cc a f te r  c»mpletion of 
the r e a c t io n .
Set I I .  V o l. o f  1x1 o“^  VOSO4 = 1 .0  cc 
Strength o f  D .F .S. r 5x10“ M^ 
Mixtures were kept for s ix  hours and then d i lu te d  to 5 cc .
Set I .  ‘Set I I .
V ol.
VOSO^
o f
1
O.D. V ol. o f  
D.N .S .
O.D.
.0 cc 0.53 0 cc 0 .2
0.2 cc 0.62 0 .2  cc 0 .26
0 .5 cc 0 .70 0 .5  cc 0 .2 4
1 .0 cc 0.88 1 .0  cc 0 .48
1 .5 cc 1.1 1 .5  cc 0 .70
2 .0 cc 1.20 2 .0  cc 0 .90
2 .5 cc - 2 .5  cc 1.1
3 .0 cc - 3 .0  cc 1.20
3 .5 cc - 3 .5  cc -
4 .0 cc 4 .0  cc -
F ig .  16, Ciorve (1) F ig .  16, Curve (2)
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Set I I I .  Volomie o f  2 ,5 x 1 0 " \  D .N.S. -  1 .0  cc 
Strength of VOSO^  ^ -  1 .2 5 z l0 “\
Set IV. Voloume of 2 .5x10  \  VOSOj^  -  1 ,0  cc 
Strength o f  D.N.S. -  1.25x10“^ M 
Mixtures each o f  the two s e t s  were d ilu ted  to 5 cc a fter  
completion o f  the r e a c t io n .
Set I I I .  Set IV.
Table 2 1 . ‘
V ol. o f  
VOSO4
O.D. V ol. o f  
D.N.S.
O.D.
0 cc 0 .20 0 cc
0 .2  cc 0 .24 0 .2  cc
0 ,4  cc 0 .30 0 .4  cc -
0 .6  cc 0 .37 0 .6  cc 0 .0 4
0 .8  cc 0.42 0 .8  cc 0 .20
1 .0  cc 0 .48 1 .0  cc 0 .26
1 .5  cc 0 .6 4 1 .5  cc 0 .40
2 .0  cc 0 .78 2 .0  cc 0 .60
2 .5  cc 1 .0 2 .5  cc 0 .80
3 .0  cc 1 .20 3 .0  cc 0 .80
3 .5  cc 1 .20 3 .5  cc 1 .0
F ig . 17, Curve (3) F ig .  17 , Curve (4)
The in f lu e n c e  o f  PH on th e  formation o f  the complex
-2
was in v e s t ig a te d  by mixing equimolar so lu t io n s  of (1 .0x10  M) 
o f  the reactan ts  in  the r a t io  o f  1:1 and then d ilu te d  them 
ten  times by th e  b uffers  (Walpole pH 4 to 6 .5 ,  Di sodium and 
Mono sodium by drogen phosphates for  pH 6 .5  to 9*0 said
mm
.3
2 3
\  Motu-m tvv, e x .
^  ltti:!iijti'Hti
hoo , 5C0
\A au£ ( v \ . 1^)
....-if
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Di sodium .. hj/drogen phosphate-sodiumhydroxide pH 9*5 to 12*0), 
mixtures in  th e  pH range 4 to  12 were thus ob ta ined . The 
absorbances o f  th ese  s o lu t io n s  were measured at the wave 
length  range o f  400 to 600mu*
Table 2 2 .
T otal concentration o f  the complex = 1.0x10
Wave
length
mU pH= 5 .0 pH= 5 .6 pHr 7.1 pHr8.3 pH=9*1 pH=9.8 pH;11 .0
400 1 .4 0 .10 0 .1 0 0 .10 0 .40 0 .50 1 .0
425 1.2 0 .0 4 0 .0 4 0 .06 0.12 0.20 0.90
450 1 .0 0 .0 4 0 .10 0 .10 0.11 0.18 0 .9 4
475 0 .60 0 .0 4 0 .10 0 .1 4 0 .20 0 .30 0 .84
500 0 .58 0 .08 0 .14 0.21 0 .30 0 .34 0.70
525 0.46 0 .1 0 0 .20 0 .30 0 .40 0 .44 0.52
550 0.36 0 .0 4 0.06 0 .1 4 0 .24 0 .30 0 .54
575 0.35 0.02 0.02 0 .06 0 .10 0 .20 O.AO
600 0 .20 0.01 0.01 0.02 0 .1 4 0 .14 0.32
F ig . 17, Curve ( 1 ) , ( 2 ) , ( 3 ) , ( 4 ) , ( 5 ) , ( 6 ) and (7)
The formation constant was ca lcu la ted  in  the  s im ilar  
manner as in  case o f  Cu ( i i )  and Mn ( i i i ) - D .N .S .  complexes*
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The values of b-j and b£ found out from the
Job*s method curve (F ig .  15) at the O.D. (0 ,3 0 )  were as 
fo llow s;
“3 -3
a  ^ :s 2.7x2x10 "^ M ^ 7.3x2x10
Z  4.2x1 .25x10 " \ ,  b2 = 5.8x1.25x1 o“\  ■
Ck?n due tome t r i e  S tudies on Ca ( i ) ~  CSiromotropic acid  
i s adiujm. g a i t j . ^ ffiplgzu.
The Job 's  metiiod o f  continuous v a r ia t io n  has been 
extended to ottier p hysica l p rop ertie s  l i k e  con d uctiv ity ,  
molar heat content, r e f r a c t iv i t y  e t c , ,  and make use of any 
measurable property of two sp ec ie s  in  s o lu t io n ,  so long as 
the property has d if fe r en t  values for one another. Any 
complex formed by the in te r a c t io n  o f  tvjo components must 
give  a value fo r  the same property which i s  d iffer en t  from 
the weighted mean o f  tiie va lu es  for two seperate components^
Purkayastha ( l o c - c i t )  applied  the molar conductance 
measurement fo r  the study o f  Fluoro and Chlore B e r y l la te .  
The so lu t io n s  were prepared according to the method of  
continucws v a r ia t io n , the conductance of the mixtures were 
subtracted  from the conductances of the two components 
present in  the so lu t io n  and the d if fe r e n c e  in  conductance
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was p lo tted  against the metal cxducentratlon present in  the 
m ixtures.
Conductometric s tu d ie s  were a lso  carr ied  out to  
in v e s t ig a te  the Cu ( i ) -  D.N,S. complex. Three s e t s  o f  
m ixtures were prepared according to  the follofr/ing scheme.
The so lu t io n s  were prepared in  air f r e e  con d u ctiv ity  water 
and ob servations were taken a t  3Of 1 °c ,
Set I .  Concentration o f  CuCl -  4.0x1 O^M 
(Concentration o f  H.K.S. •  4 .0x10  
Eqiiimolar so lu t io n s  o f  CuCl and D.N.S. were mixed in  the 
fo llow in g  r a t i o s .
r a t io  1:11, 2 :10 , 3 :9 ,  4 :8 , 5 :7 , 6 :6 , 7 :5 , 8 :4 , 9 :3 ,
10:2 , 11:1.
Cu  ^ 1 cc 2 cc 3 cc 4 cc 5 cc 6 cc 7 cc 8 cc 9 cc 10 cc
11 cc
D.N.S. 11 cc 10 cc 9 cc 8 cc 7 cc 6 cc 5 cc 4 cc 3 cc 2 cc
I cc
Set I I .  CuCl (4x10 \ )  was mixed with water and the mixtures
were prepared in  the fo llow in g  r a t io .
r a t io  1:11, 2 :10 , 3 :9 ,  4 :8 , 5 :7 , 6 :6 , 7 :5 , 8 :4 , 9 :3 ,
10:2 , 11:1
Cu^ ' 1 cc 2 cc 3 cc 4 cc 5 cc 6 cc 7 cc 8 cc 9 cc 10 cc
II cc
Water 11 cc 10 cc 9 cc 8 cc 7 cc 6 cc 5 cc 4 cc 3 cc 2 cc
1 cc
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Set I I I .
DN.S. (4x10 M) was mixed w ith  water in  ex a c t ly  th e  same manner 
as given in  s e t  I I ,
Conductivity measurements were carried  out w ith  p rec is ion  
Cambridge con d uctiv ity  b ridge, using a dip type con ductiv ity  c e l l  
( c e l l  constant s  0 ,36) recommended for high conductances.
Table 23 .
S et I S et  I I S et I I I
Conductivity  
o f  the complex
Conductivity  
o f  Cu'^  
so lu t io n s
Conductivity  
o f  D »N .S •
. s o lu t io n s
Sum o f  
conductiv ity  
o f  Cu^v D.N.S.
D i f f .  in  
conductance
1.94x10"^
3.35x10"^
1.65x10*^
2.7x10”^
4.9x1 o"  ^
7.5x10“^
-2
2.14x10
3.45x10“^
-3
2x10 
1x10“^
4.2x10“^ 3 .4 x l0 “^ 8.8x10~^ 4.28x1o“^ 0.8x10“^
5.0x10"^ 4 .4 x 1 0 ^ 7.0x1 o"^ 5.1x1 o’^ Ixio"^
6.1x10 ^ 4 .8x1O’ ^ 1.48x10”^ -26.28x10 1.8x10’ ^
6.7x10 ^ 5.95x10“^ 1. 50x 10 ^ 7.0x1o’ ^ 3x1 o"^
7.3x10”^ 6.4x1o"^ 1.40x10 ^ 6.8x10 ^ 5x10‘ ^
-2
7.8x10 6 .5x10 ^ '-22.08x10 7.58x10“^ 7.8x10“^
8.5x10*^ 6.8x10‘ ^ 2.44x10 ^ 9 .24x10 ^ 7.4x1 o”^
8.9x10“^
-2
7.8*10 1 .7x10”^ 9.5x1o“^ 6.0x1 o‘ ^
8.8x1o"^ 8.3x10“^
-39.0x10 9.2x1 o’ ^ 4.0x1 o“^
F ig .  18, Curve (1)
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S e t IV . C o n cen tra tio n  o f  CuCl. -  1,66x10"^M
C o n cen tra tio n  o f  D .N .S. = 1,66x10"^K 
Equim olar m olar s o lu t io n s  o f  CuCl and D.N.S. were mixed in  
th e  same manner a s  in  s e t  I ,
S e t V. and S e t V I. S o lu tio n s  o f  CuCl and D.N.S, o f  c o n c en tra tio n s  
1 ,66x10^M  were mixed w ith  w ater in  th e  sanmer as in  s e t  I I  and I I I .
T able 2 4 .
S e t IV S e t V S et VI '
C o n d u c tiv ity  
o f  th e  
complex.
C o n d u c tiv ity  
o f  9u^
C o n u c tiv ity  
o f  D .N.S.
Sum o f  
c o n d u c tiv i ty  
o f  (5u*+ D.N.S.
D i f f .  in  
conductance
3 .4 x 1 0 '^ 1.39x10“^ 2.75x10“^ 4.14x10’ ^ 7.4x10“^
4.2x10“^ 2 .75x10”^ 2 .01x10‘ ^ 4 . 76x10’ ^ 5. 6x10”^
4 .7c10“^ 1.35x10"^ 3 .95x10’ ^ 5.30x10"^ 6.0x10“^
4 .9x10“^ 4.15x1o“^ 1.33x10*^ 5.48x10"^ 5.8x10“^
5.8x10 4.5x10*“^ 1.94x10"^-
-2
6.44x10 6.4x10“^
5.1x10“^ 5.4x10 ^ 0 .4 x 1 0 ^ 5. 8x10“^ 7x10“^
-2
6.2x10 6.5x10“^ 0 ,54 x10"^ 7.04x10"^ 8.4x10‘ ^
-2
7.2x10 6.7x1o"^ 1.5x10“^ 8 .2x10“^ 1.0x10“^
6*4x 1 0 ^
-2
7.2x10 0.16x10 '^ 7 . 36x 10“^ 9 . 6x10"^
7*6x1o“^ 7.2x1o“^ 1 .3 x 1 0 '^ 8.5x10"^ 9x10“^
8 .5x1o’ ^
-2
8.4x10 8.0x1 o“^ 9 .2 x l0 "^ 7x10"^
F ig .  18:, Curve (2)
The curves were p lo t t e d  between th e  d i f f .  in  conductance and
Cu -V D.N.S.
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Potentlom etric s tu d ie s  on Mn (1 1 1 )-  D»H»S. compl e x .
The composition o f  th e  Mn ( i i l ) - D . l? ,S ,  complex was 
in v e s t ig a te d  by carrying potentiom etric  t i t r a t i o n s .
E.M.F. measurements were carried  out v.dth pyE p rec is ion  
potentiom eter (Type 7568) with lamp and sca le  arrangement. The 
in d ica tor  e lec trod e  was the Mn ( i i i ) - M n ( i i )  couple obtained by 
dipping in  a so lu t io n  o f  chromotropic acid  (sodium s a l t )  containing 
known amount o f  Mn ( i i ) . Both d ir e c t  (D,H*S, 3n the Cell) and 
reverse  (Mn (lii)SOj[j^ in  th e  C ell)  were performed. The measurement: 
were carried  out w ith d if fe r e n t  concentration of both the reactant; 
The reverse  t i t r a t i o n s ,  however, d id  not prove su ccessfu l and in  
such ca ses , no c h a r a c te r is t ic  curves were obtained*
Table 25 .
1 .0  cc D.N.S. (S e t  I;  1x10“^ ,  Set II :  2 x l0 ’ \  and Set I I I :
5x10“^M) aga in st I x io " ^  Mn ( i i i ) S 0 4 .
Set I Set I I Set I I I
V ol. o f  
t e i ( i i i ) S 0 4
P o te n t ia l  
Vs S.C.B. 
V o lt .
V ol. o f  
MhCiii)S04
P o tm t ia l  
vs S.C.E. 
V o lt .
V ol. o f  
M n (iii)S 04
P oten tia l  
vs S.C.IC, 
V olt .
0 .5  cc 0.23 0 .5  cc 0.135 0 ,5  cc 0 .16
1 .0  cc 0.23 1 .0  cc 0.125 1 ,0  cc 0.156
2 .0  cc 0.23 1.5  cc 0.115 1 .5  cc 0.156
3 .0  cc 0.22 2 .0  cc 0.080 2 .0  cc 0.155
4 .0  cc 0.235 2 .2  cc 0.055 3 ,0  cc 0.148
5 .0  cc 0.21 2 .5  cc 0.50 4 .0  cc 0.120
6 .0  cc 0.175 3 .0  cc 0 .50 5 ,0  cc 0 .10
7 .0  cc 0 .1 0 3 .5  cc 0 .50 6 .0  cc 0.097
8 .0  cc 0.075 -
.a 7 .0  cc 0.096
10 .0  cc 0 .0 4 — ,4 «
12 .0  cc 0 .0 4 ** ** *
( P ig .  19, F ig .  20, F ig .  21 .)
f H l T l l L ! : ; ’ ’ j j l ; ; ! i ; i  1 [ i :  I f ' ' ■ j l5 :  ; i  j m ' :  - : ;:
* ^
h *"
o.a^  1
‘■rt
1 1:0
nA^iv) Q J ^
I A ■  T I I * t I . .II11 i I i rrT;
ttttWJ
1 1 i  
N/<^  -“t  I'tii) ctiUiii —»■
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F ig .  (19) 
F ig .  (20) 
F ig .  (21)
10 cc Ix lo 'S ^  D .N.S. = 7.2x1 XI0"%i M n(iii)
10 cc 2xlO“^M D.N.S. 5 2 .5  c c x lx io " ^  M n (iii)
10 cc 5x10“\  D.N.S. 5 4 .8  cc 1x10"Sl M n(iii)
Curves were a lso  p lo t te d  between and voloume
AV
o f  M n (iii)  added in  th e  C e ll ,  the  s t .  l in e s  o f  the curves 
showed sharp p o in ts  o f  in te r s e c t io n .
Table 26 ,
-^3
Set III:Cone, 
.■a o f D.N.S.S
sex; i:(Jonc.
Vol. o f
M n(iii)S0i
added.-
ox
AE/
aV
pxiv H aex; i ir u o i  
Vol. o f  
Mn(iii)SO^ 
added.
Aj:
AV
V ol. o f  
M n(iii)  
SO4
added.
AE
AV
1 cc 0.002 1 cc 0.01 2 ,0  cc 0
2 cc 0.0125 1 .5  cc 0.01 2 .5  cc 0.02
3 cc 0,007 2 .0  cc 0 .06 5 ,0  cc 0.024
4 cc 0.03 3 .0  cc 0.005 7 .0  cc 0.025
5 cc 0.02 4 .0  cc 0 8 .0  cc 0.026
6 cc 0.01 9 ,0  cc 0.01
7 cc 0 10.0 cc 0,15
P ig .  22 Curve (1) F ig .  22 Curve (2) P ig .  22 Curve (3)
Curve (1) 10 cc 5x1 o " \  D.N.S. E ^*3 cc 1x10”^  M n (iii)
Curve (2) 10 cc 2x10”^M D.N.S. r  1 .9 cc I x lo 'S l  M n (iii)
Curve (3) 10 cc IxlO^^M D.N.S. 5 5 .2  cc 1x10~^4 M n (iii)
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Polarographic S tu d ies  on Cu ( i l ) - D .H .S .  complex:
The polarographlc method i s  unique amongst the
elec trom etr lc  methods to  provide p r e c ise  Information regarding
the composition and s t a b i l i t y  of the complexes. However, the
most e s s e n t ia l  condition  I s  th a t  the reduction  or oxidation  of
the metal ion  complex should be r e v e r s ib le  at the dropping
mercury e le c tr o d e .  The study of the metal complexes by the
polarographlc method based on th e  fa c t  that the reduction
p o te n t ia ls  o f  th e  metal ion s  a t  the dropping electro ia- are
s h if te d  (u su a lly  to more n egative  value) by complex formation,
and by t h i s  s h i f t  as a fun ction  of the concentration o f  the
complex forming substance both the formula and the d is so c ia t io n
29
constant o f  the complex can be obta ined . Llngane has given  
a comprehensive account on th e  a p p l ic a b i l i ty  of polarographlc 
methods to l i ie  complex ion  form ation. According to tSie author 
the coordination nap o f  a complex metal io n .  i s  given by the  
formula*
E 1/2
= -  p - 0 ^  
nlo g  Cxfx
where Cx i s  the concentration o f  compjLexing agent and fx  i s
a c t iv i t y  C oefflcen t which may be given the value o f  unity  with
h a lf
s u f f ic ie n t  accuracy, E l /g  i s  the s h i f t  in/wave p o ten tia l  
and n i s  th e  no. o f  e lec tron  tra n sfe r  in vo lve  in  the e lectrode  
r e a c t io n .
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Polarographic s tu d ie s  on Cu ( l i ) -D * N .S . complex were 
carried  in  order to  determine the composition o f  complex • 
Elecdropode
Pischer/:£a»3cto?»e with m u lt i f le x  galvavemeter (MGF-2) 
in  th e  external c o r iu i t  was used for  polarographic measurements* 
A ll  the experiments were carried  out at 30^ 0*1°C using a water 
therm oertatic  bath (Townsen and Mercer L t d . ) • The in e r t  
atmosphere in  th e  c e l l  was maintained by bubbling n itrogen  
a fte r  passing i t  through a lk a lin e  p y ra g a llo l and chromus chloride  
s o lu t io n .
Cupric ch lor id e (Anala R) o f  concentration  1x10 S i  and 
D.N.S. o f  th e  concentration 2 x 1 0 '^  were prepared, KCl (Anala R) 
o f  concentration  (1M) and methyl red (0 ,01^) were re sp e c t iv e ly  
used as supporting e l e c lr o l y t e  and maxima suppressor. The 
buffer so lu t io n s  used (V/alpole a ce ta te  buffer  for pH 6 to 7 
and phosphate b u ffers  for the pH beyond 7) were prepared from 
A.R. products*
Polarography o f  about fo r ty  mixtures were carried out 
at d if fe r e n t  concentrations and pH»s. The observations are 
summerlsed in  th e  fo llo w in g  tables*
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Table 2 ? .
-1 KCl
Polarograms o f  Ix io ify  CUCI2 in  8x10 A/in presence o f  
d if fe r e n t  concentrations o f  D.N.S. at pHr 6*5
C U R R 'E N T(8*8x.10“^) ampere
P o te n t ia l
applied  - -  o i c  ^ r,
curve No: -2  -2 -p -p p o <( in  V o lt s ) .  0 ,8x10 1,2x10 1.6x10 2 .0x10  ^ 2 .4x10 2 .8x10“  ^ 3.2x?(
0 -1 5 .0 -.12.0 -1 2 .0 -1 2 .0 -1 1 .5 -1 2 .0 -12 .0
0 .20 0 0 0 0 0 0 0
0.25 0 0 0 0 0 0 0
.0 .3 0 3 .0 4 .0 3 .5 1 .0 3 .0 2 .0 2 .5
0.35 8 .0 14 .0 10 .0 10 .0 7 .0 3 .0 5.0
0 .4 0 2 1 .0 3 0 .0 2 5 .0 19.0 18 .0 10.0 8.C
0.45 3 0 .0 3 8 .0 3 5 .0 3 3 .0 3 0 .0 17.5 20.C
0.50 3 6 .0 40 .0 40 .0 3 9 .0 3 7 .0 3 5 .0 30.C
0.55 3 8 .0 4 0 .0 40 .0 40 .0 4 0 .0 3 8 .0 36.C
0 .60 40 .0 41.5 41.5 40 .0 40 .0 3 8 .0 37.C
0.70 4 0 .0 41.5 42 .0 40 .0 40 .0 38 .0 37.<
0 .80 40 .0 41.5 42 .0 40 .0 40 .0 3 8 .0 37.<
F ig .  2 3 .
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Table 28*
S et I .  Polarograms Ix lO " ^  CuCLg in  8x10"’*M KCl in
presence o f  d if fe r e n t  concentrations o f  D,N*3. at
pHz 8 .3 .
Set I I .  Polarograms o f  1x10“S l  CuCl2 8x10“‘*M KCl in
presence o f  d if fe r e n t  concentrations of D.N.S, a t
pH- 9 .9 .
Set I  pHr8.3 Set I I  pH=9.9
P o te n t ia l  Current C8;lx1iD79) Current (8»8xi079)
a p p lied .  ^ 2 ampere.  ^ 3 4
8x10"^ 1.6x10"2 4 x 1  0“2 3.2x10"2 8x10“  ^ 1.6x10"^ 2 . 4x10~2 3 ,2x1 C
' 0
-1 1 .5 - 12 .0 - 12 .0 - 12 .0 -1 5 .5 -1 4 .0 - 16.0 - 22.0
0.25 0 0 0 2 .0 0 0 0 -  1
0 .30 6 .0 5 .0 4 .0 7 .0 1 .5 1 .5 0 .5 0
0.35 15.0 14 .0 10 .0 2 0 .0 -5 5 .0 5 .0 0 .5
0 .40 2 6 .0 2 5 .0 2 4 .0 2 7 .0 10 12 .0 10.0 7.5
0.45 3 0 .0 2 8 .0 28 .0 3 0 .0 13.5 14.5 14.5 14.5
0 .50 3 0 .0 29 .0 2 9 .0 3 1 .0 15 15.0 15.0 15.0
0.55 3 0 .0 3 0 .0 3 0 .0 3 1 .0 15.5 15 .0 15.0 15.5
0 .60 3 0 .0 3 0 .0 3 0 .0 3 1 .0 15.5 15 .0 15.0 15.5
0 .70 3 0 .0 3 0 .0 3 0 .0 3 1 .0 15.5 15 .0 15 .0 15.5
0 .80 3 0 .0 3 0 .0 3 0 .0 3 1 .0 15.5 15 .0 15.0 15.5
1 .0 30 .0 3 0 .0 3 0 .0 3 1 .0 15.5 15 .0 15 .0 15.5
F ig .  2 4 . F ig .  25 .
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Table 2 9 .
- 4  -1
Polarogram o f  1x10 CUCI2 in  8x10 ‘m KCl in  presence o f
d if fe r e n t  concentrations o f  D.N.S. at pH= 11 .0
P o te n t ia l  
applied  
( in  Volts) 8x10 ^
2
1.2x10'
Currents 8Sa:1 o“^
-2  ^ ^
' 1.6x10 2.0x10
ampere)
-p . 5 - 2   ^ -2 72.4x10 2.8x10 3.2x11
0 -1 1 .5 -1 1 .5 -1 1 .5 -1 1 .0 -1 1 .0 -12 -12
0.3 0 -2 .2 5 7. 4 .5 4 .0 0 0 0
0.35 2 .0 0^5 0 0 0 0 0
0 .40 5 .0 10 .0 3 .5 0 .5 1 .0 0 0
0.45 14 .0 15 .0 12.5 6 .5 6 .5 1 .0 1 .0
0 .50 17.0 18 .0 16.5 15 .0 15 .0 11.0 3 .5
0.55 2 0 .0 19 .0 19 .0 19.5 2 0 .0 15 .0 11.0
0.60 2 0 .0 2 0 .0 2 0 .0 19.5 20 .5 19.0 15.0
0.65 2 0 .0 2 0 .0 2 0 ,0 19.5 20 .5 19.5 18.0
0,70 2 0 .0 2 0 .0 2 0 .0 19.5 20 .5 19.5 19.0
Pig . 2 6 .
Table 3 0 .
Concentration of CUCI2 1x10“%
C oncoitration o f  D .N .S .-  1..6x10“%
Current(8i8x10"9 ampere)
5
7 .0
P o ten tiid  
aoDlied ( in V olts)
1
t)Hr6.1
2
6.2
3
6 .6 6 .8
0 r-1.25 - 3 .0 -3 .7 5 - 5 .0 - 5 .0
0.1 5.75 3 .7 5 2.225 1.75 0.75
0 .2 11.5 8 .5 5.75 6 .5 4 .0
0.3 18 .0 13.5 9 .5 10 .0 6.75
0.35 2 5 .0 18 .0 2 6 .0 10.5 9 .0
0 .40 30 .0 29 .0 3 8 .0 21 .0 18 .0
0.45 50.0 50.0 40 .0 3 4 .0 2 8 .0
0 .50 56 .0 50.5 40.5 3 5 .0 30 .0
0.55 56 .0 50.5 40.5 3 5 .0 30 .0
0 .60 56 .0 50.5 40.5 3 5 .0 30 .0
F ig .  2 7 .
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D I S C U S S I O N
gQiBDOsltlon o f  (Xi(l)_“Ctomo.tropic acid  (sodium s a l t )  Complex:
Prelim inary experiments carried  out to  study the reaction
between cuprous ch lor ide and chromotropic acid (sodium sa lt )
showed th a t  the rea ct io n  was a slow one and took about 6 to 12
hours for completion depending upon the concentration o f  the
- 3  - 3
re a c ta n ts .  Thus with d i lu te  so lu tion s  (1 ,0x10  to  2 ,5x10 M) 
i t  took 12 hours for reach completion where as w ith  r e la t iv e ly  
concentrated so lu t io n s  (1x10 ^  to 2,5x1 O^M) the upper l im it  
was approximately s i x  hours. The complex was pink in  colour.
The spectrophotom etric methods employed to study the 
Cu ( i ) ~  D.N.S, reaction  gave the fo llo w in g  information regarding 
the composition o f  the complex,
( i )  Vosburgh and Cooper's method was employed to  determine
/•
 ^ the number o f  complexes formed by the in te r a c t io n  of CuCl and 
D.N.S. Equimolar molar so lu tion s (2x10“^M) o f  the reactants  
were mixed in  the ra t io  o f  Cu*^ ': D.IT.S. as 2 :8 , 3 :7 , 4 :6 , 5:5 
e t c ,  and kept for more than s ix  hours and their- 0 ,D , were 
meaJured in  the wave length  range o f  400 mu to 600 mu. A ll  
the mixtures showed th a t  the absorption maxima ex is ted  a t  
430 mu thereby showing tiae ex is te n ce  o f  on ly  one complex. . ' . 
(Table No, 1 P ig , .N o . 1 ) ,
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( l i )  Job 's  method was fo llow ed for determining ttie composition 
of Cu(i)-D,N,S* complex. Solutions o f  CuCl and D .F.S, of  
concentrations 2 . 5 x 1 0 " \ ,  2x10"^M, 1*25x1cr“^M and 1.0x10"^M 
were prepared according to the method of continuous varia tion ,  
and o p t ic a l  d e n s i t ie s  were measured a t  430 mu a f te r  6 to 12 
hours o f  mixing ( in  order to ensure th at  the rea ct io n  had 
com pleted). The C ud and D.N*S« at these  concentrations had a 
n e g l ig ib le  small absorp tion . The 0 ,D , d en sity  curves p lo tted  
aga in st the r a t io  Cu  ^ gave a combining r a t io  o f  2:1 for Cu
c S [ 5 ^ , s ,
and D.N.S. (Table No, 2 and 3 , F ig ,  No, 2 ) ,
( i i i )  The r e s u l t s  were confiimed by s lop e  r a t io  method. Two 
s e t s  o f  experiments were performed. In  the f i r s t  se t  the 
concentration o f  D,N,S, was kept constant and th a t  of cuprous 
ch lor id e  was varied , in  the other s e t  tiie mixing was done in  
the reverse  ord er . S im ila r ly  two more s e t s  of experiments were 
carried  out at d i f f e r e n t  concentrations (Table No, 4 and 5 and 
F ig .  No. 3 ) ,  The s lope was determined over the S t ,  l i n e  portion  
o f  the curve and again the combining r a t io  1 •?: 1 or Cu^ ' and 
D.N.S, was obtained#
( iv )  A combining r a t io  o f  1,9:1 for Cu” and D,N.S, was 
furthur evaluated by applying modified slope ra t io  method.
The po in t o f  in te r s e c t io n  of tiro curves (F ig .  4) correspond^ 
to th e  required r a t io .
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(v) The in f lu e n ce  o f  pH on the absorption o f  the complex 
was in v e s t ig a te d  by measuring the absorbances of the mixtures 
o f  equimolar so lu t io n s  ( 1 x 1 0 " \ )  o f  CuCl and D.N.S. in  the 
wave length  range 400 to  600 mu • The absorbance curves 
showed that maxima a t  430*^w s^ on ly  r e a l is e d  in  the pH
range 5 to 7 (Table No, 6 Fig* No, 5 ) .  This shows that the 
complex i s  s ta b le  in  th is  pH range.
The value o f  formation constant K w as(ca lcu lated  by 
using the equations given on page 39j come out to be 2*1x10^
a t  the O.D. 1.1 and the f r e e  energy o f  formation ca lcu la ted  
from the r e la t io n  RTlliK worked out to be r^*58 KCals
at  30°C (F ig .  No . 2 ) .
E le c t r ic a l  conductance measur©nents were made with  
mixtures prepared according to  Job*s method (Table No. 23 
and 2 4 ) .  The d iffe r e n ce  in  sp con ductiv ity  (Sum o f  the 
c o n d u c t iv it ie s  o f  th e  reactan ts  minus the observed conductivity  
o f  the complex) was p lo t te d  against the composition of the 
mixtures (F ig .  No. 1 8 ) .  From the curves i t  would be concluded 
that the components (Cu*^  and D .N.S.) in te ra c ted  in  the r a t io  
o f  2:1 .
From th e  information arrived a t  by the spectrophotometric 
and conductometric measurements, the complex may be formulated
‘Ir.LiaARHrJ
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as
In case o f  chromotropic a c id ,  the general tendency
o f  hydroxyl group i s  to coordinate wilii metal ions and to
form c lo se  r ing  stru ctures v i z . ,  complexes of T i ( i v ) ,  F e ( i i i )
e t c .  However, in  case o f  Cu"^ ' ions only  one p o s s ib i l i t y  e x is t s
that i s  the removal o f  t\ra ions by two Cu  ^ ions g iv ing
thereby an open s tr u c tu r e .  Though, very few complexes are
reported in  vrfiich tlie metal and complexing agent r a t io  exceeds
to  one but they are not com pletely e x t in c t .  For example tiie
copper complexes o f  2  ^ hydroxy-5“ sulphobenzene aao-y^ -
30
naphthol showed on a n a ly s is  the copper dye r a t io  o f  2:1
and the same r a t io  was found for the complexes of metalphthal-
ems^  ^ with Ba, Sr, Ca e t c .  A lso , the metal dye complexes
known as dye lake are c l a s s i f i e d  in  two catagories ( i )
32
coordination complexes and ( i i )  metal-dye s a l t s .  The 
Cu(i) complex seems to belong the la t t e r  group o f  compounds* 
Absorption s tu d ie s  carried  out with d if fe r e n t  r a t io s  
o f  Cu" and D.N.S. at v-arying co n c ^ tr a t io n s  o f  the reactants  
lea d  to the conclusion that the rea c t io n  between Cu^  and D.N.S 
may be u t i l i z e d  fo r  the estim ation  of Cu  ^ ions co lorem itr i-  
c a l l y .  The r e s u l t s  w ith considerable accuracy may be obtainec 
by keeping the so lu t io n s  for 6 to  12 hours to complete the 
rea ct io n  and in  absence of such in te r fe r in g  metal ions as
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Fe ( i i i ) ,  Cu ( l i ) ,  T i ( iv )  e tc .
CompQsitlQn. o f  Cu C lD -C brom otro p lc  A c id  {so d lu n  s a lt )  C tonp l« i
C upric  c h lo r id e  and th e  sodium s a lt  o f  chrom otrop ic acid
on in te ra c t io n  gave a s o lu b le  complex red  in  c o lo u r . The
rea ct io n  was qu ite  slow and took 2 to 3 hours for completion
“3 -4in  tt ie  c o n c e n tra tio n  range 2 ,5x10 - M  to  5x10 M. W ith  more 
d i lu te  s o lu tio n s  the  tim e  f o r  com p le tion  in c rea sed  co n s id e rab ly  
and sometimes i t  to o k  12 hours fo r  red  co lo u r to  deve lop . The 
com pos ition  o f  th e  complex was s tu d ie d  s p e c tro p h o to m e tric a lly  
and p o la ro g ra p h ic a lly .  On li ie  bas is  o f  sp e c troph o tom e tric  
s tu d ie s , th e  fo llo w in g  in fo rm a tio n  was o b ta in e d  re g a rd in g  tlie  
com position  o f  th e  complex*
( i )  Vosbur^ and Cooper* s method was applied  to determine 
the number o f  complexes formed. (Reactants each o f  concentra­
t io n  IxlO^M were mixed in  the r a t io  Cu  ^ D .N,S. as 2 :8 ,
3 ;7 ,  4 :6 , 5 :5 , 6 :4  and 7:3 re s p e c t iv e ly  and th e ir  absorbances 
were measured in  th e  wave le n g th  range o f 400 to  650 mu 
(T a b le  No. 7, F ig .  No. 6 ) .  A l l  the  s o lu tio n s  gave a maxima 
a t 525 mu , showing th e re b y  the  fo rm a tio n  o f o n ly  one complex.
( i i )  R e su lts  o f  Job*s method (c a r r ie d  ou t a t  the wave le n g th
525 mu ) for the 3 s e t s  o f concentrations (1*66x10
-3 -31*25x10 M and 1.0x10 M) gave a com bining r a t io  o f  1:1 fo r
Cu^ \ D .N .S . (T ab le  No. 8 , F ig .  No. 7 ) .
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( i i i )  The r e s u l t s  were furthur confirmed by the slope ra t io  
method. In the l a t t e r  case concentrations of D.N.S. (IxlO^^M) 
was kept constant and CuGlg o f  concentration 2*5x1o”^M was 
added in  varying amount in  one s e t ,  vrtiile in  the other ttie 
concentration o f  D .N.S. (2*5x10“^ M) was varied , keeping the 
concentration o f  CUCI2 (IxlO^M) constand. S im ila r ly , two 
more s e t s  o f  so lu t io n s  were prepared and 0*D. was measured 
at 525 mu • The s lop es  over the s t .  l i n e  portion  of the 
curves gave a combining r a t io  o f  1:1 (P ig .  No.8, Table No.9 
and 1 0 ) .
The formation constant was ca lcu la ted  with the help of 
the expressions given on page 49. Taking two concentrations  
o f  Cu  ^ “(3 .1x1 .66x10“^ M and 3.6x1 .25x10"^M) and D.N.S.
( 6 . 9 x 1 . 6 6 x 1 0 and 6.4x1 .25x10"*^ M) at the same O.D. (O .7O), 
the value o f  x from tiie equations came out to be 5.11x10~"*M
5
and th e  value of K was found to be 2.28x10 . The fr e e  energy 
o f  formation -  A was estim ated to  be -  3 .76?  K Gals.
In  order to  study the in flu en ce  o f  pH on tiie absotrbance 
maxima, so lu t io n s  o f  the reagents o f  concentration  1x10 S i  
were prepared in  th e  r a t io  1*1 and then d ilu ted  with buffers  
to  10 c c .  The absorbances measured in  the wave length  range 
o f  400 mu to  650 mu showed the ex is te n c e  of only  one maxima 
a t  525 mu in  the pH range 6 .0  to 11 .0 , thereby showing that 
the complex was s ta b le  in  th is  pH range (Table N0 .IO, Pig.No.9
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The composition o f  Cu^^- D,N,S, complex was furthup
in v e s t ig a te d  p o larograp h ica lly . The polarograms (Table No. 27,
29 and 30, F ig . No. 23, 24, 25, 26 and 2?) shoved th at the
reduction  of C5u^ -^ D.N*S, complex was re v er s ib le  at the dropping
mercury e lec tro d e  with one e lec tro n  tra n sfer  as the values of
33E 3/ji  ^ “ E 1/ji  ^ (Tome*s method) were found to  be betweai
0.055 and 0 .0 6 5 .
Polarography o f  some fo r ty  mixtures was carried  o u t .
The r e s u l t s  are stumnerised in  the fo llow ing  t a b le .
Table No. 30.
Cone, of CuClgrlxloS  
Cone, o f  CuCtt2 = 1 x 1 0 ~ \  Conc.of D .N.S.rl .6x1oS
Cone, o f  « 
D.N.S.X10 ^
-Log Cone 
o f  D.N.S •. (pHf 
9 .9 )
E1A
(pH=
8 .3 )
EI/2
(pH;:
11.0)
EI/ 2
(pH=
6 .5 )
pH EI/2
0 .80 2 .2 0.365 0.340  0.43 0.365 6.1 0.425
1 .2 1.92 - 0.45 0.375 6 .2 0./.20
1 .6 1 .80 0.380 0.365 0.465 0.385 6 .6 0.410
2 .0 1 .70 - - 0.470 0.405 - -
2 .4 1.61 0.385 0.370 0 .480 0.415 6.'8 0 .40
2 .8 1.55 - tm 0.52 0.420 7 .0 0.395
3 .2 1.50 0.390 0.385 0 .56 0.430
(Vide aiKfea F ig .  2 3 ,2 4 ,2 5  and 26) (Vide infaca F ig .  2?)
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34
Prome the foregoing observations tabulated  above, i t  i s  
evident that EI/ 2  va lues were found to depend both upon the 
concentration o f  D .N.S, and the pH o f  the medium E l/g  values' 
were p lo t te d  a g a in s t - lo g  conc. o f  D.N.S. a t pHs 6 ,5 ,  8.3 and 
9*9 to determine the number o f  D.JT,S. m olecules assoc ia ted  with 
one atom o f  copper (F ig .  28, 2 9 ) .  From the slope o f  the s t .  l in e  
the value came out to  be 0 ,065 , showing that one atom coordinates 
with one m olecule o f  D.N.S. Also on p lo t t in g  EI/ 2  versus pH^ ,^ 
a s t .  l i n e  i s  obtained having 1±ae slope of Oj^3, showing that  
two hydroxyl groups coordinate with one atom o f  copper (Fig.No,29
On the b asis  o f  spectro-photom etric and polarographic  
s tu d ie s ,  th e  structure o f  the complex may be formulated as
Composition o f  Mn ( l i i ) - »  ChromotroTPic Acid (aodlum s a l t )  complex
Manganic sulphate formed a yellow coloured complex with  
sodium s a l t  o f  chromotropic a c id .  The reaction  took place in  
h igh ly  a c id ic  so lu t io n  and has not yet been stud ied .  
Spectrophotometric and potentiom etric s tu d ie s  were carried to 
in v e s t ig a te  the composition o f  the complex.
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Vosburgh and dboper's method was employed to determine 
the no^of complexes formed. Absorbances o f  the mirtures of  
equimolar so lu t io n s  (1x10“^ )  o f  D .N.S, and Mn ( i i i )  30;^  ^ in  
the r a t io  o f  2 :8 ,  3 :7 , 4 :6 , 5 :5 , 6 :4  and 7*3 r e sp e c t iv e ly  
were measured in  th e  wave len gth  range o f  350-650 mu (Table 
No. 11. Fig* No. 1 0 ) .  Absorption curves showed the presence of  
a s in g le  absorption peak a t  430 mu, thereby in d ica t in g  liie 
formation o f  on ly  one complex. The absorption spectra of  
Mn ( i i i )S O ^  was a lso  stud ied , absorption curves showed th a t  
'^max o f  Mn ( i i i )S O ^  was found to be a t  515 mu (Table No. 12,
F ig .  1 1 ) .
The composition o f  the complex was determined by 
onploying . Job’ s method o f  continuous v a r ia tio n  and slope  
r a t io  method.
Equimolar so lu tion s  o f  Mn ( i i i)S O ^  and D Jf.S .
(2.5xlO~'^M, 1,66x10"^M, 1 .2 5 x 1 0 " ^  snd 1 .0 x l0 “\ )  were 
mixed according to  the  method o f  continuous v ar ia tion  and 
th e ir  absorbances were measured at 430 mu (F ig .  No. 1 2 ) .
The absorbances o f  Mn (iii)SOjtj^ and D .N.S. were found to be 
n e g l ig ib le  a t  t h is  concentration  range. I t  was found that  
the complex was formed in  the molar r a t io  Mn ( i i i ) :  D.N.S. 
as 1 :1 .
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The composition o f  the complex was further in v est ig a ted  
by the slope r a t io  method. Two s e r ie s  o f  so lu t io n s  were 
prepared by varying the concentration  o f  one o f  the reagents  
in  presence of a constant excess  o f  the other and th e ir  
absorbances were measured at 430 mu (Table No. 15, 16 and 
F ig ,  No. 1 5 ) .  From the s lo p es  here to o , the ra t io  o f  M n (iii):  
D.N.S. was found to  be 1 :1 .
I t  was observed th a t  in  so lu t io n s  o f  pH )'1, the colour 
of the complex was com pletely destroyed, hence the ex t in c t io n  
measurements could on ly  be done in  presence o f  d i l  H2S0^. The 
e f f e c t  o f  pH on the colour in te n s i ty  and the formation o f  
complex, th e r e fo r e ,  remained u n in v es tig a ted .
The value o f  formation constant o f  the complex was 
determined by the method described on page 49* For tvro concentra­
t io n s  o f  ( 6 . 2 x 1 . 2 5 x 1 and 6.6x10x1 o”\ )  and D.N.S.
(3.8x1 . 2 5 x 1 0 and 3.4x10x10 \ )  having the same o p t ic a l
*•5d en sity  0 .20  the value o f  K came out to be 1 .8  x 10 and that  
of f r e e  energy ( -  A F®) was found to  be -3.11 K Gals at 30°C.
The composition o f  Mn(ii) r D .N .S .  complex was also 
in v e s t ig a te d  by carrying out p otentiom etrie  t i t r a t i o n s .  The 
e lec tro d e s  used were: bright pt in d ica tor  e lec trod e  dipped 
in  a so lu t io n  o f  Chromotropic acid  (contain ing known amount of 
M n (iii)  SO2^ thus forming a Mn^'^^Mn'** -  e couple) and
calomel ^ e c tr o d e  working as r e fe r a ic e  e lec tro d e . D.N.S. 
so lu t io n s  o f  varying ooncentrations ( 1x10 S i ,  5xlO"^M and
2x10"^M) ware t i t r a t e d  with manganic su lphate ( 1 x 1 0 ^ )  so lu tion .
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The curves showed sharp breaks. The r e s u l t s  are summerlsed 
as fo llo w s:
ra t io  at the 
point of in fle :
.o  .p  *
a) 10 cc o f  1x10 *11 D .N .S .r7 .2  cc 1x10 M n (iii)  1 :1 .3
- (F ig .  N o.19, Table No. 2 5 ) .
b) 10 cc o f  5x10"^M D .N .S .=4.8  cc I x i o ' ^  M n (iii)  1 :1 .04
(F ig .  No. 20, Table No.“2 5 ) .
c) 10 cc of 2x10“ \  D .N .S .12 .5  cc Ix IO "* ^  M n (iii)  1 :1 .0  
(F ig .  No. 21, Table N o."^5).
Also th e  AE verses voloume of Mn ( i i i )  added curves 
a V
gave sharp p o in ts  of in te r s e c t io n ,  the r e s u l t s  are as fo llow s:
r a t io  at the 
point of  
in te r s e c t io n .
1: 1 .1 4  (1)
1: 1 .05 (2)
1: 1 .7  b )
10 cc 5x10 " \  D .N .S .r4 .3  cc 1x10"%I Mn ( i i i )
10 cc 2x1 o“\  D .N .S .;1 .9  cc 1x10“^  Mn ( i i i )
10 cc 1x1 a"-^ D .N .S .-5 .2  cc 1x10“S l  Mn ( i i i )
The potentiom etric  meliiod gave information for 1:1 
complex, as in d ica ted  from the above r e s u l t s .  The reverse  
t i t r a t i o n s ,  however, did not prove s u c c e s s fu l l  and th ere  
were no s ig n i f ic e n t  breaks in  the curves.
On the basis  o f  above information the structure of 
Mn ( i i i ) -  D .N .3 . complex can be represented as
/  \
_ r V S  -
so^ . A .  so^
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The in d ica t io n  o f  complex ion  formation between l-InCiii) 
and D.N.S, in  the h igh ly  a c id ic  medium combined with the fa c t  
th at  a f a i r l y  s ta b le  colour i s  developed can be advantageously  
employed for  the colordinetric estim ation  o f  M n (iii)  in  small 
amounts.
Composition o f  V(iv) -  Ghromotropic Acid (Sodium S a lt)  Complex.
The formation o f  a brovzn coloured product by tiie 
in te r a c t io n  o f  vanadiim, s a l t s  with chromotropic ac id  was 
mentioned by some authors but d e t a i l s  about i t s  behaviour and 
composition are la c k in g . In our case, vanadyl su lphate was 
found to  form a red coloured so lub le  complex with chromotropic 
acid  and i t s  composition was determined by applying spectro^ 
photometric methods.
Prelim inary experiments showed th a t  the rea ct io n  betweai 
vanadyl sulphate and D.N.S. was a slow one, so lu tion s  in  the 
concentration range (2 .5  x 10”%I to  1 x 10 ^M) took about s ix  
hours for completion, vrtiile so lu t ion s  in the concentration range 
of 1 X 10“ M^ to 2 X took more than twelve hours (the
completion o f  th e  rea ct io n  in d ica ted  by the development of  
coloured in  the s o lu t i o n s ) •
- 3
Equimolar so lu t io n s  (2 .5  x  10 M) of vanadyl sulphate 
and D.N.S. were mixed in  the r a t io  o f  2 :8 , 3 :7 , 4 :6 , 5:5, 6:4  
and 7:3 and were kept for  about s ix  hours to ensure complete
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r e a c t io n ,  th e ir  o p t ic a l  d e n s i t ie s  were measured a t  d if fe r e n t  
wave length s (400 mu to 600 mu). The maximum absorption for 
a l l  mixtures was found a t  525 mu, Indicating  the formation 
o f  on ly  one complex (F ig ,  No. 14} Table 17)*
For the method o f  continuous varia tion  fo u rse ts  of
-3 -3
mixtures o f  equimilar con ca itra tion  (2 .5  x  10' M, 2 ,0  x  10 M,
-3 “31 ,66  X 10 M and 1,25 x 10 M) were prepared and O.D. was
determined a t  525 mu. The absorption o f  vanadyl sulphate
and chromotropic acid  was n e g l ig ib le  a t  l i i is  concentration.
The 0,Z>. was p lo tte d  aga in st  the r a t io  V0‘' V  VO^ * t, D.N.S,
(Table No. 18 and 19, F ig .  No, 1 5 ) .  The combining r a t io  of
1:1 was obtained by the curves.
In the case o f  s lop e  ra t io  method, the concentration of
D.N.S. (2 X lO^M) was kept constant and the concentration of
vanadyl sulphate varied  (2 x  10"S-I to 2 ,5  x 10“^M) in  one s e t ,
-4
while in  the o ther  the c o n c ^ tr a t io n  o f  D.N.S. (2 x 10 M 
to 2 ,5  X 10*"^ M) was v a r ied , keeping the concentration of VO^"^
(2 X 10 '^ M) con stant. S im ila r ly  tvo more s e t s  o f  so lu tions  
were prepared and th e ir  absorbances were noted a t  525 mu.
The s lop es  over the  s tra ig h t  l in e  portion of the curve gave
 
a r a t io  o f  1:1 for the complex. (Table No. 20 and 21, P ig , 1 6 ) ,
The in flu en ce  o f  pH on the formation o f  the complex 
was in v e s t ig a te d  by using equimolar so lu t io n s  (1 x 10^^) 
o f  the reactan ts  in  the r a t io  o f  1:1 and then d ilu ting  then ten
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times by tiie b u ffers  prepared from A.R. products. The absor­
bances of these  s o lu t io n s  were measured (Table 22, F ig . 18).  
Maxima a t  A “ 525 mu was only r e a l i s e d  in  the pH range 
6 .7  X 11 .0 .
On the k a s is  o f  spectrophotometric measurements, the 
composition o f  the complex may therefore be depicted  as  
(D .N .S/) and i t s  structure  as
The value o f  formation constant was ca lcu la ted  with
the  help of the expressions g ivo i on page A9. For two
“3
concQ itrations o f  vanadyl sulphate ( 2 . 7 x  1 x 10 M
4 .2  X 1.25  X 10"^M) and D.N.S. (7 .3  x 2 x 10“\ ,  5 .8x1.25  x 10“ M^
-4
a t  the O.D. ( 0 .3 0 ) ,  the value o f  x was found to be 4 x 10 M
and from th is  the value o f  formation constant was found to be 
<•33 .99  X  10 and th a t  o f  f r e e  energy o f  the  reaction  came out
to  be — A  p s 2 .6 7  K Gals a t  20 c .
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C H A P T E R  II.
C u ( i i )“Ghroinotrope 2B complex
In recent years, a number o f  communications have been
published on the a n a ly t ic a l  uses of su b st itu ted  chromotropic
acid  and azDchromotrope compounds* The la t t e r  compounds are
ch aracterised  by having an e s t e r f ia b le  phenolic hydroxy group
with resp ect  to N-atom o f  the azo group, and i t  i s  through
t h i s  group that ch e la tio n  i s  said to  take place* Datta^
d iscussed  the a n a ly t ic a l  a p p lica t io n s  o f  azo chromotropic acids
2
and Banerjee used some o f  these  reagent for the spectrophoto- 
metric determ ination o f  thorium and zirconiiun* Tolmachev and 
Lemaskana^ described the in te r a c t io n  of sodium 1 ,8  d i hydroxy 
2-2  hydroxy azo benzene -*3 ,6  naphthalene with magnesium ions*
Sommer and H nilickova have reviewed the a n a ly t ic a l  applica ­
t io n s  o f  azo chromotrope dyes and have mentioned the use and 
c h a r a c te r is t ic  o f  compounds o f  the fo llov /ing  type
GuCiP-giHOMOTROPE 2B COi-IPLBX
HSO;;
where (R= H, -  SO3 , H, -  COOH, -  NO2 , •“ OH -  OM e t c .
The use o f  hydroxy benzene azo chromotropic acid  for the 
determination o f  calcium and magnesium has been recommended
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by Kuznecov.^ The use o f  p -  hydroxy benzene azo chromotropic 
acid (chromotrope 10B) as a metal indicator in  tiie determination  
o f  Th has been suggested by Schwarzenback,^.
p -  n itrobenzene azo chromo tro p ic  ac id  or 4 ,5  di hydroxy -j
(p -  n itrophenyl azo) “• 2 ,7  naphthalene di sulphonic acid
commercially known as chromotrope 2B a lso  belongs to the above
type o f  compounds has long been used as the colorim etric
1
reagent for boric  a c id  and also as a dyeing and coupling 
co n st itu en t  for azo dyes used for cotton and wool. The reaction  
o f  t h i s  completing agent with a number o f  m etal ions e ,g ,
Tl^^^ Cr  ^ and Th ( iv )^ ^  has a lso  been mentioned. I t s  use  
as a metal in d icator  in  the determ ination o f  Th with E.D.T.A. 
has been r e c e n t ly  reported.^^
From what has been sa id  above, i t  i s  c lear th a t  the 
work on metal -  chromotrope 2B in te r a c t io n  lack s  in  information  
regarding the nature and composition of the coordination  
compounds formed. Although much has been done as far  as the 
case o f  the compound as an a n a ly t ic a l  reagent i s  concerned.
I t  was, th ere fo re , thought worthwhile to  carry out a few 
s tu d ie s  on th is  aspect o f  tiie prablaa. The present chapter 
deals  w ith  the physico -  chemical s tu d ies  on the cupric chloride  
and chromotrope 2B r e a c t io n .
Cupric ch lor ide  in te r a c ts  with chromotrope 2B to  form 
a v io l e t  coloured complex. I t s  composition has been determined
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spectrophotom etrica lly  by employing Job's method o f  continuous 
v a r ia tio n  and s lop e  r a t io  method^^ . The r e s u l t s  obtained
by the spectrophotom etric methods have beai confirmed by 
polarography.
E X P E R I M E N T A L
Cupric ch lor ide  (AnalaR) was used during the experiments
A 1 X 10 ^  so lu t io n  o f  the product was prepared by d isso lv in g
1.7*344g of the substance in  one l i t r e  o f  doubly d i s t i l l e d
water. Aquaous so lu t io n s  o f  chromo trope 2B of conceit  ra tion  
**31 X 10 M was prepared by d issolv ing 0.5134 gm of the B.D.H. 
(reagent grade) product in  1 l i t r e  o f doubly d i s t i l l e d  water.
Phosphate b uffers  (mixture o f  di sodium hydrogen 
phosphate and mono sodium di hydrogai phosphate, and mixture 
o f  d i sodium hydrogen phosphate and ca u st ic  soda) o f  pH range
5.5  to 11 .0  were prepared^^ from A.R. products and pH's o f  
the s o lu t io n s  were checked by Beckman pH meter using a general 
u t i l i t y  g la ss  e lec tro d e  for pH values upto 10 and Beckman 
E type e lec tro d e  for pH values above 10 .
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Spectrophotometric s tu d ie s  on CSu(ii) -  Chromotrope 2B Ctomplex
The spactrophotometric measurements were carried out 
using Bausch and Lomb spectronic 20' and was used a f t e r  giving  
s u f f ic ie n t  warming up period .
Prelim inary experiments showed that cupric chloride  
formed a v io l e t  coloured so lu b le  complex with chromo trope 2B 
in  d i lu t e  s o lu t io n s .  The Beer’ s law was found to hold good 
for  so lu t io n s  having con ca itra tion  below 1 x lO^M,
The method o f  Vosburgh and Cooper^^ was app lied  to  
determine the number o f  complexes formed in  the aqueous
-4
s o lu t io n .  Mixtures containing equimolar so lu t io n s  (1 x 10 M) 
o f  cupric ch loride and chromotrope 2B in  varying r a t io  (1:9> 
2 :8 ,  3 :7 , 4 :6 , 5:5 and 6:4) were prepared and th e ir  absorbances 
were measured at d i f f e r e n t  wavelengtiis ( in  the wavelength range 
o f  350 to  650 mu) •
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Concentration o f  CUCI2 = 1 x  
Concentration o f  Chromotrope
10”^
2B = 1 X 10“S l
Wave
length
mu
Chromotrope 2 : 8 
- 52B
2 X 10 M
1 2
3 : 7
3
4 : 6
4
5 : 5 
5
6 : 4
6
350 0 .64 0 .5 4 0.48 0.43 0 .37 0.28
370 0.58 0 .5 4 0 .4 4 0.43 0.35 0.36
390 0.50 0.46 0 .3 4 0 .30 0.27 0.19
410 0.52 0 .4 7 0 .37 0 .34 0 .30 0.22
430 0.60 0.52 0.42 0.38 0.32 0.24
450 0 .64 0.55 0.45 0.A2 0 .3 4 0.26
475 0.80 0.68 0.55 0 .50 0 .40 0.42
500 1 .30 1 .0 0.82 0.75 0.62 0.48
525 1.80 1 .40 1 .10 0.95 0.78 0.60
535 1 .60 1 .40 1 .10 1 .0 0 .80 0 .64
545 1.60 1.50 1 .10 1 .0 0 .80 0.65
550 1.50 1.40 1 .20 1 .10 0 .84 0.66
560 1 .40 1.40 1.1 1 .0 0 .80 0 .64
565 1 .40 1 .30 1 .1 0.95 0 .80 0.60
570 1.40 1 .10 0.95 0.85 0.72 0.56
575 1 .40 1 .20 0.870 0.80 0.65 0.52
580 1.20 1.00 0.85 0.75 0.62 0.48
585 1 .10 0 .90 0.76 0.70 0.58 0.430
590 0.95 0.85 0.71 0.65 0 .54 0.420
600 0.76 0.68 0 .58 0.53 0.45 0.320
625 0.45 0.42 0 .34 0.32 0.26 0.20
650 0.30 0.25 0 .20 0.18 0.12 0.08
F ig .  1, Curve 1, 2 ,  3 , 4, 5 and 6 .
-96
Job's method o f  continuous v a r ia tio n  was employed for 
determining the composition o f  the complex. Four s e t s  of  
mixtures were prepared according to  the fo llow in g  sdieme.
Set I .
Equimolar so lu t io n s  of cupric ch loride and chromotixjpe
-42B o f  concentration  2 x 10- M were prepared and mixed in  the  
fo llow in g  order:
1 cc , 2 cc , 3 cc , 4 cc , 5 cc , 6 cc, 7 cc, 8 cc and 9 cc
o f  cupric ch lor ide were mixed with 9 cc , 8 cc , 7 cc , 6 cc,
5 cc , 4 cc , 3 cc , 2 cc and 1 cc o f  chromotrope 2B re sp ec t iv e ly .  
The O.D. o f  the above mixtures were measured a t  550 mu, 
Chromotrope 2B (2 x 10 was mixed with water in  the 
fo llow in g  order:
1 cc , 2 cc , 3 cc , 4 cc , 5 cc , 6 cc , 7 cc , 8 cc, and 
9 cc o f  chromotrope 2B were mixed with 9 c c ,  8 cc , 7 cc , 6 cc,
5 cc, 4 cc , 3 cc , 2 cc , and 1 cc o f  water and th e ir  O.D. was
measured a t  550 mu.
The O.D. of the cupric ch lor id e  was found to be
n e g l ig ib le  at th is  con centration .
Set I I .
Equimolar so lu t io n s  o f  cupric ch lor ide  and chromotrope
- 42B o f  concentration 1 x 10" M were mixed in  the same order
as in  Set I .  chromotrope 2B ( 1 x  10”^M) was a lso  mixed with
water in  ex a c tly  the same order as in  Set I*
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Set I I I .
Equimolar so lu t io n s  o f  cupric ch lor id e  and chromotrope 23 
o f  concentration  5 x  10 mixed in  the same order as in  Set I .
Set IV.
Equimolar so lu t io n s  o f  cupric ch lor ide  and chromotrope 2B 
of concentration  6 .6  x 10 mixed in  the same order as in  
Set I .
The d if fe r en ce  in  O.D. (chromotrope 2B and the complex
11 11
was p lo t te d  a ga in st  Cu /  Cu ± chromotrope 2B
Table 2 .
Set I .
V/avelengthi 550 mu
V ol. o f  
CuCl2
V ol. o f
Chromotrope
2B
O.D. V ol. o f
HgO
V ol. o f  
ChromotPope 
2B
O.D. D i f f .  ii 
O.D.
1 CO 9 cc 2 .0 1 cc 9 cc 2 .0 0
2 CO 8 cc 1 .8 2 cc 8 cc 1.1 0.07
3 CO 9 cc 1 .7 3 cc 7 cc 1 .6 0.10
4 cc 6 cc 1 .5 4 cc 6 cc 1 .3 0.20
5 cc 5 cc 1 .4 5 cc 5 cc 1.1 0 .30
6 cc 4 cc 1 .0 6 cc 4 cc 0 .80 0.20
7 cc 3 cc 0 .80 7 cc 3 cc 0 .64 0.16
8 cc 2 cc 0.52 8 cc 2 cc 0.45 0.07
9 cc 1 cc 0 .26 9 cc 1 cc 0.26 0
F ig .  2 , Curve 1 .
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Table 3 .
Set I I .
Wavelength : 550 mu
V ol. o f V ol. o f V ol. of V ol. of D i f f .
CuCl^ Chromotrope O.D. HgO Chromotrope O.D. in  O.D
2B 2B
1 cc 9 cc 1 .0 1 cc 9 cc 1 .0 0
2 cc 8 cc 0 .90 2 cc 8 cc 0.88 0.02
3 cc 7 cc 0.85 3 cc 7 cc 0 .80 0.05
4 cc 6 cc 0.71 4 cc 6 cc 0 .64 0.07
5 cc 5 cc 0 .6 4 5 cc 5 cc 0 .54 0.10
6 cc 4 cc 0.58 6 cc 4 cc 0 .50 0.08
7 cc 3 cc 0 .3 4 7 cc 3 cc 0.29 0.05
8 cc 2 cc 0.22 8 cc 2 cc 0 .20 0.02
9 cc 1 cc 0.11 9 cc 1 cc 0.16 0
Fig* 2 ,  Curve 2 ,
Table 4 .
Set I I I .
Wave lengtli : 550 mu
V ol. o f  
CuCl^
V ol. of  
Chromotrope 
2B
O.D.
Vol. of  
HgO
V ol. o f  
Chromotrope 
2B
O.D.
D i f f .  
in  O.D.
1 cc 9 cc 0 .60 1 cc 9 cc 0 .60 0
2 cc 8 cc 0 .58 2 cc 8 cc 0.59 0.01
3 cc 7 cc 0.52 3 cc 7 cc 0 .50 0.02
4 cc 6 cc 0 .4 7 4 cc 6 cc 0.A2 0.05
5 cc 5 cc 0 .40 5 cc 5 cc 0.33 0.07
6 cc 4 cc 0 .30 6 cc 4 cc 0.26 0 .04
7 cc 3 cc 0.21 7 cc 3 cc 0.18 0.03
8 cc 2 cc 0 .1 4 8 cc 2 cc 0.13 0.01
9 cc 1 cc 0.11 9 cc 1 cc 0.11 0
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Table 5.
Set IV,
Wave len g th  : 550 mu
V ol. of  
CUCI2
V ol. o f  
Chromotrope 
2B
O.D.
V ol. of 
HgO
V ol. of 
Chromotrope 
2B
O.D,
D i f f . 
in  O.D,
1 cc 9 cc 0 .45 1 cc 9 cc 0.45 0
2 cc 8 cc 0.45 2 cc 8 cc 0.45 0
3 cc 7 cc 0 .37 3 cc 7 cc 0.35 0.01
4 cc 6 cc • 0 .33 4 cc 6 cc 0 .30 0.03
5 cc 5 cc 0,31 5 cc 5 cc 0 .26 0.05
6 cc 4 cc 0 .26 6 cc 4 cc 0 .22 0 .04
7 cc 3 cc 0 ,17 7 cc 3 cc 0 .16 0.01
8 cc 2 cc 0.11 8 cc 2 cc 0,11 0
9 cc 1 cc 0 .12 9 cc 1 cc 0.12 0
P ig ,  2 , Curve 4*
The composition o f  the complex was further in v es t ig a ted  
by employing the slope r a t io  method. Tvro s e t s  o f experiments 
were performed. In  the f i r s t  s e t  the concentration o f  
chromotrope 2B was kept constant; in  the other s e t  the mixing 
was done in  reverse  order.
aV4(XxK XjL/wi^AU VVVv .
0-U
0.3
0.7
a
o \
^ . 3
Vc-f. cr\ Cu.dl^ CLd^X
No -^ 0^ CW.c^ v'^ o'^ ’vcr'^ Q !1 ft) oxA-ds^
\Q I-a I-/4 \*^
-xtt:-
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Set I .
-4Volume of 5 X 10 M chromotrope 2B z 0 ,5  cc
Strength of CUCI2 = 1 x
Wave length  : 550 mu
Set I I .  . 4
Volume o f  5 X 10 M GUCI2 ■  0 .5  cc
Strength o f  chromo trope 2B a 1 x lO'-Sl
Wave length  : 550 mu
The so lu t io n s  were d ilu te d  to  10 cc before the O.D. 
measurements were made.
Table 6,
Set I Set I I
Vdlune of  
CUCI2 added
O.D. Volume of  
Chromotrope 2B 
added
0.D ,
0 .0  cc a . 0 ,0  cc 0.03
0 .2  cc 0.02 0 ,2  cc 0.075
0 .4  cc 0.05 0 .4  cc 0,08
0 .5  cc 0.05 0 ,5  cc 0 ,10
1 .0  cc 0.13 1 .0  cc 0.16
1 .2 cc 0.155 1 .2 cc 0.18
1 .4  cc 1 .4  cc 0.225
1 .5  cc 0 .20 1 .5 cc 0.225
2 .0  cc 0 .27 2 .0  cc 0.29
2 .5  cc 0.33 2 .5  cc 0;35
3 .0  cc 0 .40 3 .0  cc 0 .44
Fig . 3 ,  Curve 1 , 2 .
The absorbances o f  the equimolar mixtures ( 1 x 1 0  M^) 
o f  cupric ch lor ide and chroraotrope 2B were measured a t  
d if f e r e n t  wave len gth s from 350 to  650 mu in  the pH range 
4 to 1 1 .5 ,  using Walpole ace ta te  b u ffers ,  Na2HP0  ^ -  NaH2 
and Na2HP0^ -  NaOH b u ffers  prepared from AnalaR reagents .
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Table 7 .
Concentration o f  CUGI2 = 1 x 10 " ^
-4
Concentration o f  chromotrope 2B = 1 x 10 M
Wave pH = pH = pH s pH - pH ? pH = pH = pH = 11 .0 pH 11.
length 4 .3 5 .5 6 .6 7 .0 7.5 8 .9 10.6
in  mu
1 2 3 4 5 6 7 8 9
350 0.33 0 .5 4 0.53 0 .4 4 0.45 0 .24 0.53 0.78 0.20
360 0.32 0 .50 0.51 0 .38 0.38 0 .20 0 .50 0.62 0.14
375 0 .30 0.42 0.42 0 .3 4 0.38 0.18 0 .44 0 .4 4 0.10
385 0.30 0.42 0 .40 0 .36 0 .2 4 0 .1 4 0.40 0.48 0.08
400 0.25 0.38 0.35 0.28 0.18 0 .1 4 0 .30 0.46 0.08
410 0 .24 0.38 0 .3 4 0.26 0 .1 4 0.12 0.31 0 .44 0.09
425 0 .2 4 0.36 0.33 0,22 0 .1 4 0.13 0.30 0.42 0.09
450 0.32 0.42 0.38 0 .2 4 0.08 0.21 0.32 0.42 0.10
475 0 .50 0 .58 0.56 0.36 0 .24 0 .30 0.38 0.50 0.20
500 0 .80 0 .90 0 .84 0.52 0 .40 0 .44 0.65 0 .60 0.30
515 0.93 1.1 1 .0 0.62 0 .54 0.56 0.72 0 .80 0.40
525 0.98 1 .4 1.1 0.72 0 .60 0 .64 0.75 0 .90 0.52
550 0.72 0.82 0.75 0 .84 0 .6 4 0.82 0.85 1 .0 0.78
560 0.62 0 .60 0 .60 0 .90 0.62 0 .70 0.80 0.98  ' 0 .64
575 0.50 0.35 0.41 0 .78 0.52 0.66 0.66 0 .84 0.60
600 0.340 0.22 0 .30 0.52 0 .40 0.42 0.43 0 .70 0.42
625 0.22 0 .16 0.22 0.38 0.28 0 .30 0.28 0 .54 0.30
650 0.12 0 .1 0 0 .18 0 .30 0 .18 0 .34 0 .30 0.46 0.28
Pig . 4 , Curve 1 , 2 ,  3 , 4, 5:, 6 , 7, 8, and 9 .
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For determining the formation constant of the complex, 
Four s e t s  o f  m ixtures with concentration o f  the reactants  as
2 X 10 '^ M, 1 X 10 M, 5 X 10 and 6 ,66  x 10 were prepared 
according to Job's method of continuous v ar ia tion  (Table 2,
3 , 4 and 5) the O.D. o f  the m ixtures were measured a t  550mu 
and was p lo tted  a g a in st  Cu^^/Cu^^ + chromotrope 2B
Table 8 .
Set I,C one. Set I I  Set I I I  Set IV Cone. 
2x10" ^  Conci, Conc^
V ol. o f  
CuCl2
V ol. o f  
Chromotrope 
2B
O.D.
1 A  1 W  1*1
O.D.
JA. 1 V
O.D. O.D.
1 cc 9 cc 2 .0 1 .0 0.45 0.60
2 cc 8 cc 1 .30 0 .90 0.45 0.58
3 cc 7 cc 1 .70 0.85 0 .37 0.52
4 cc 6 cc 1 .50 0.71 0.33 0.47
5 cc 5 cc 1 .40 0 .64 0.31 0.40
6 cc 4 cc 1 .0 0 .58 0.26 0.30
7 cc 3 cc 0 .80 0 .3 4 0 .17 0.21
8 cc 2 cc 0.52 0.22 0.11 0 .14
9 cc 1 cc 0 .26 0 .16 0.12 0.11
Fig* 5, Curve 1, 2 , 3 and 4 .
The value of K, the formation constant i s  given by the
equation . x x
K
( a i “ x) (b^- x) (a2 “ x) (b2 “ x )
Or X a - L J ------- t J i -----
-  Ca2 -  ba)
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Where x i s  the c o n c ^ tr a t io n  o f  complex a t  the equilibrium
and &2 and and b2 are the concentrations o f  the reactants
g iv ing  the same 0 .D ,
The values o f  a^, b^  and a^j found from the curves are
a^  s  5*0 X 6 ,6  X 10 b^  ■  5 .0  x 6 ,6  x  10
-4  -582 = 7*0 X 1 .0  X 10 M b  ^ = 3 .0  X 1 .0  X 10 K
a t  the same O.D. o f  0 ,4 0 ,
Polarographic S tudies on C u(ii)  -  Chromotrope 2B complex
The polarographic measurements were made using the 
Fischer electropode in  conjunction with a m u lt i f le x  galvanometer 
MGF2 in  the external c i r c u i t .  The in e r t  atmosphere in  the c e l l  
was maintained by bubbling n itrogen  a f te r  passing i t  through 
a lk a lin e  p y ra g a llo l  and chromous ch loride s o lu t io n .  Methyl 
red of concentration  0,001 ^ and KCl (AnalaE) so lu t io n  were 
used as maximum suppressor and supporting e l e c t r o ly t e  resp ective l;  
A ll  measurements were carried  at 30 i  0 .1 °C.
Cupric ch lor id e  so lu t io n  o f  concentration  1 x 1 0 ^  
and cliromotrope 2B (sodium s a l t )  o f  ooncditration  2 x 10 
were prepared for  polarographic s tu d ie s .  Polarograms were 
taken in  b uffers of pH ranging 7 .0  to 11.5 (using phosphate 
b uffers  prepared from A.H. products) and th e ir  pH»s were 
checked with Bectooan pH meter model G using a general u t i l i t y
- 104 -
Beckman g la ss  e lec tro d e  for pH values up to 10 and Beckman 
E g la ss  e lec trod e  fo r  higher va lu es above 10,
AS a whole about twenty polarograms were studied#  
Typical polarograms are given in  F ig . 6 and 7*
Table
Set I .  0 .0  cc ■)■ 2 cc methyl red (1 x 10“^^) t  10 cc KC1(2>
•f*10 cc Chromotrope 2B (2 x  10 ^M) +  8 cc buffer  
(pH = 7 . 5 ) .
Set I I .  (1) 0 .5  cc Cu^  ^ (1 X 10“S l)  t  2 cc methyl red
(1 X 10“^^) t  10 cc KCl (2M) t  10 cc Chromo trope
2B (2 X 1 0 " \ )  8 .0  cc buffer  -  pH -  7.5
( i i )  0 ,5  cc Gu^  ^ ( 1x 10 S o  + 2 cc methyl red
(1 X 10"*^ )^ 10 cc KCl (2M) + 10 cc Chromotrope
(2B) (2 X 10~^M) t  7.5  cc buffer -  pH = 7 .5
( i i i )  0 ,5  cc Cu^  ^ ( 1 x 1 0  “l-O + 2 cc methyl red  (1x10
4 10 cc KCl (2M) + 1 2  cc Chromotrope 2B (2x1 o " \ )
■V 5 .5  cc buffer  (pH := 7 .5) .
( iv )  0 .5  cc Cu^  ^ (1 X 10"%I) + 2 cc methyl red
(1 X -jt 10 cc KCl (2M) + 14 cc Chromotrope
2B ■+ 3 .5  cc b uffer  (pH = 7 .5 ) .
I I .. . .....
tflO 0 ‘I5' c'lo 0 ' | 5  0'i5 0‘io
/  $1)
............li..,M.|»i....l..y,iill
0 ‘30  O' ZOO' ZS  0'30
i l i i W y 41;.
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(v) 0 .5  cc Gu^  ^ (1 X 
t  10 cc KC1(2M) t  
buffer (pH » 7 .5)
10 '^ ) + 2 cc methyl red  
16 cc Chromotrope 2B t  1
•
d x i o ’ ^^) 
.5 cc
Applied Current ( g .g  x 1 0 ^ ampere )
p o te n t ia l  
in  V o lt s . 0 ( i ) 6 .6x10" Vi ( i i )
8x1 o" \ l  
( i i i ) t,
9.3x10"Sl 1. 
( iv )
,25x10“ M^ 
(v)
0 6 .0 6 .0 6 .5 6 .5 6.5
0.3 6 .0 7 .0 6 .5 8 .0 4 .0
0.35 6 .0 7 .0 7.0 8.5 5.5
0 .40 10 .0 9 .0 9 .0 9 .0 10.0
0.45 25 .0 14 .0 14.0 14 .0 12.0
0 .50 30 .0 2 8 .0 2 8 .0 24 .5 25 .0
0.55 3 0 .0 28 .5 30 .0 3 0 .0 30 .0
0 .60 3 0 .5 29 .0 3 1 .0 31 .5 30 .5
0.65 30 .5 3 0 .0 31 .0 3 2 .0 30 .5
0 .70 30 .5 30 .5 3 1 .0 3 2 .0 30.5
0 .30 30 .5 31 .0 3 1 .0 3 2 .0 30.5
Pig,, 6, Curve 1, i i ,  i i i , i v ,  and v .
Table 10.
Set I I .( i )  1 .0 cc Cu (1 X 10 “M) 2 cc methyl red (1 x 10^^)
-3
+ 10 cc KCl (2M) i  10 cc Chromotrope 2B (2 x 10 M) ■» 
12 cc buffer (11 .5 )
( i i )  1 .0  cc ( 1 X 10 S o  + 2 cc methyl red (1 x 10-^^)
-3
•i 10 cc KGl (2M)  ^ 12 cc Ghromotrope 2B (2 x 10 M)
10 cc b u ffer  (11 .5 ) .
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( l i i )  1 .0  cc ( 1 X 10 ^M) 2 cc methyl red (1 x lO^J
10 cc KOI (2M) t. 14 cc Chromotrope 2B (2 x 1 0 " \ )
+ 8 cc buffer  (pH a 1 1 .5 ) .
( iv )  W  cc (1 x lO 'Sl) 4 2 cc methyl red  (1x10“^^ iS)
11 cc KGl (2M) + 1 6  cc Chromotrope 2B (2x10"^M)
+ 6 cc buffer (pH = 11.5)
(v) 1 .0  cc Cu^  ^ (1 X 10”^M) + 2 cc methyl red (1x10 f^o)
+ 10 cc KCl (2M) + 18 cc Chromo trope 2B (2xlO"^M)
♦  4 cc buffer  (pH = 11 .5 )*
( v l )  1 .0  cc Cu^  ^ (1 X 10 S i)  2 cc methyl red
(1 X 10"^^)  ^ 10 cc KCl (2M) V 20 cc Chromo trope 2B 
(2 X 1 0 " \ )  + 2 cc buffer (pH « 1 1 .5 ) .
Applied  
p o te n t ia l  
( in  V olts) 5.7x10“^
( i )
Cur rent (8*
6.6x10“^
( i i )
8 X 10"^
8.0x10“'
( i i i )
ampere)
 ^ 9.5x1 o’ 
( iv )
*4 ’"3 *1 .1x10  ^ 10 
(v) ] 
____________ (y:
0 7 .0 7 .0 7 .0 7 .0 6 .0 6.5
0.3 11.5 11.5 11 .5 12.5 13.5 13.75
0.35 12 .0 11 .5 12 .0 13.5 14.5 14.0
0 .40 12.5 12.5 14 .0 14 .0 15.0 15.5
0.45 22 .5 2 4 .0 18 .0 18 .0 20.5 16.0
0 .50 42 .0 40 .0 3 0 ,0 27 .5 3 4 .0 20 .0
0.55 55 .0 52.5 52 .0 51.5 46.0 36.5
0 .6 0 59.0 58 .0 60 .0 58.0 54.5 49.5
0.65 59.5 6 0 .0 60.5 59.5 59.0 57.5
0 .70 59.5 60 .0 61 .0 60 .0 60 .0 60.0
0.75 59.5 60 .0 6 1 .0 60 .0 60.0 60.5
0 .80 59.^ 60.0 61 .0 60 .0 60.0 60.5
Fig, 7, Curve i, ii, lii, iv, v and vi.
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D I S C U S S I O N
The r e s u l t s  on spectrophotometric and polarographlc 
s tu d ie s  on th e  in te r a c t io n  o f  cupric ch lor id e and chromotrope 
2B present the follo\d .ng in te r e s t in g  fea tu r es  regarding the 
composition of the complex*
Spectrophotometric s tu d ie s :
On applying Vosbur^ and Cooper’ s method for the
-4
mixtures (conta in ing  reactan ts  eacAi o f  concentration  1 x 10- M 
mixed in  the r a t io  Cu"'"^ : Chromotrope 2B as 2 :8 ,  3 :7 ,  4:6,
5:5 and 6:4) on ly  one maxima a t  550 mu was obtained, showing 
thereby the e x is te n c e  o f  only one complex (Table 1, F ig . 1 ) .
Job’ s method o f  continuous v a r ia t io n  (ca rr ied  out at
the wave lenglii 550 mu) applied  to the four d if fe r e n t  se ts
•"if. “"S
of concentration  (2 x 10 M, 1 x 10 M, 6 .6  x 10 M and
5 x 1 0  M) gave a combining r a t io  o f  1:1 for Cu^ "^  to
Chromotrope 2B (F ig .  2 , Table 2 , 3 ,  4 and 5 ) .
A lso , the above r e s u l t s  found support from slope r a t io  
method (F ig .  3 ,  Table 6) where from the s lop e  o f  the s tr a ig h t  
l in e  portion  o f  curve the same combining r a t io  of 1:1 was 
obtained .
The formation constant was determined by the same 
method as described in  Chapter I ,  page 49. For t w
- 108 -
concentrations o f  Cu'*”' and Chromotrope 2B (a^ = 5 .0  x 6 ,6  x lO'^I 
E2 = 7*0 X 1 ,0  X ^0''S/L and « 5 .0  x 6 .6  x 10“^M, 
b2 5 3 .0  X 1 .0  X 10"%) a t  the same O.D. (0 ,40 :  F ig .  5,
Table 8) ,  the value o f  K was found to  be 2.11 x 10^ and that  
o f  fr e e  energy -  A = 4 .22 K G als,
Polarographic S tu d ie s :
Polarograms in  d if fe r e n t  pH media (7*5 and 11.5) show 
that the reduction  o f  the cupric chromotrope 2B complex is  
r e v e r s ib le  a t  the dropping e lec tro d e  with tran sfer  o f  one 
e lec tr o n  as the va lu es  o f  23^^ -  ^i^^ (Tomes mettiod)^^ 
found to  be between 0 ,05  and 0 ,0 6 ,  The fo llow ing are the
were
^ V 2 d i f f e r e n t  concentration o f  chromotrope 2B,
Table 11,
-4Concentration o f  CUCI2 ■  1 ,66  x 10 M
Cone, o f  Chromotrope 2B -  log  Cone, o f / (pH -  7*5)
chromotrope 2B ‘ '2.
6 ,6  X 1 0 ' \ l 3.176 0,465
- 4
8 X 1 0 '  M 3.096 0,470
9.3  X 10"V 3.029 0,475
1 ,25x 1 2.903 0,450
Pig. 8, Curve 1,
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Table 12 ,
- 4Concentration o f  CUCI2 = 2 ,85  x 10 ' M
Gone, o f  
Chromotrope 2B
-  lo g  Cone, o f  ^1/2 “ 11.5)
chromotrope 2B .
5 .7  X 10" 3 .2 4 0.505
6 .6  X 10 3 .1 7 0.515
8 .0  X 1 0 " \l 3 .09 0.520
9 .5  X 1 0 " \l 3 .02 0.525
1 .0  X 10"^M 3 .0 0 0.531
1 . 1 x 1 0'^M 2 .9 4 0.535
F ig .  8 , Curve 2
The s tr a ig h t  l i n e s  obtained by p lo tt in g  E - ) v a l u e s  
aga in st  -  log  conc. of chromotrope 2B for pH = 11.5  and 6 .5  
(F ig .  8) gave a slope o f  0 .0 5 , which shows th a t  one 
chromo trope 2B molecule combines with one Cu atom.
On the basis of the information obtained from spectro- 
photometric and polarographic s tu d ie s  the formula of the
- 110 -
From the foregoing r e s u l t s  i t  may be concluded th a t  
chromotrope 2B can be used for the d e te c t io n  o f  cupric ions 
present in  very minute q u a n t i t ie s ,  a ls o ,  i t  may be used a 
co lor im etr ic  reagent for Cu^  ^ ions in  so lu t io n s .  The most 
favourable conditions for  using t h i s  reagent should be
( i )  concentration  o f  Cu^  ^ ions in  the range o f (2 x 10 to
1 X 10 ^ ) , ( i i )  the pH o f  the medium should be in  the 
range o f  7*5 to 1 1 .5 .
-111 -
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In te r a c t io n  o f  Vanadyl ions with  
8, Hydroxy Quinoline 7 lodo 5 
Sulphonic Acid (Perron),
C H A P T E R  III.
IHTSHACTIOH OF VAKADYL lOKS WITH 8, HYDROXY QUINOLINE 
7 lODO 5 SULPHONIG ACID (FERBOK).
The importance o f  hydroxy quinoline and i t s
su b st itu te d  compounds i s  w e ll  e s ta b lish ed  in  the f i e l d  of
a n a ly t ic a l  chemistry! The strong complex forming cap ab ility  o f
th ese  compounds has been a ttr ib u ted  to  the presence of -OH
su b st itu ted  qu inoline r ing  which f a c i l i t a t e s  the p o s s ib i l i t y
o f  coordination through hydroxyl group and n itrogen  and thus
2
forming s ta b le  coordination compounds. 8 , hydroxy quinoline  
7 iodo 5 sulphonic a c id ,  b e tter  known as Ferron, a lso  belongs 
to such type o f  compounds. I t  was used for  a long time as a
3
co lor im etr ic  reagent for ir o n . But re c e n t ly  i t s  reaction s
4  5 6
with other m etals l i k e  Bi , T1 , Co e t c .  were a lso  reported  
and in  connection with the d e tec t io n  and determination o f  
th ese  metal io n s .
Tenvo N ortia  in v e s t ig a te d  the stru cture  and bonding 
in  cob a lt  ch e la te  by employing spectrophotom etrie and magnetic 
s u s c e p t ib i l i t y  measurements. According to  h is f in d in g s  the 
compound Na2 (Co^^ (C^H^O l^lIIS)^) has covalent bonds, square 
planar stru ctu re  and thi:is having a coordination  No. 4 , Ferron 
has a ls o  been employed in  the separation  o f  plutonium from
n
Uranium and other f i s s i o n  products. Eugne L . Gotichman and 
others^ have in v e s t ig a te d  the polarographic p rop erties  of  
Ferron in  terms o f  Hammet's Linear Free Energy R ela tion  between 
stru cture  and r e a c t i v i t y .  Most su b st itu en ts  in  the o -p o s it io n  
to  the iodogroup y ie ld  abnormal h a lf  wave p o te n t ia ls .  The
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proxim ity phenomenon f a c i l i t a t e s  the polarographic reduction  
o f  the iodogroup whether the su b st itu e n t  i s  e le c tr o p o s i t iv e  
or e le c tr o n e g a t iv e ,  the value o f  ca lcu la ted  for Perron
(1 X 10 M conc.) was 1 .42  v o lt  v is  S .G .S.
Keeping in  view the strong coordinating property of 
hydroxy quinoline and i t s  su b st itu ted  compounds, and theIp 
tendency to form complexes with t r a n s i t io n a l  elements, the 
re a c t io n  o f  Perron w ith  vanadyl sulphate was s tu d ied .
Vanadyl sulphate so lu t io n  when mixed w ith 8, hydroxy 
quinoline 7 iodo 5 sulphonic acid gave a ye llow ish  green 
compound. The compound was found to  be quite  stab le  and 
remained so over a quite  larg»pH range. The complex was 
stud ied  by employing [&) spectropho tome t r i e  and lb) conduc tome tr ie  
methods. These in v e s t ig a t io n s  b esid es  giving composition 
o f  the complex have provided a new method fo r  the cdlorimetric  
estim ation  o f  vanadyl io n s .
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E X P E R I M E N T A L  
Vanadyl sulphate (R ied el)  was used for  the experiments.
9
Vanadyl ions were estim ated by the same method as described  
in  Chapter I ,  page 24 .
D ilu te  so lu t io n  o f  8 , hydroxy quinoline 7 iodo
5 sulphonic acid  (Ferron) o f  concentration 1 x  10~^M was 
obtained by d is so lv in g  0.351 IgQf the B.D.H. AnalaR product in
1 l i t r e  o f  double d i s t i l l e d  water.
Buffer so lu t io n s  in  the pH range 2 .0  -  11,5 were 
prepared by using Prideaux and Ward U niversal buffer m ixtures. 
Mixtures o f  100 cc o f  so lu t io n  containing 0.04M H^ PO^ ,^
0.04N -  phenyl a c e t i c  a c id  and O.OiiW -  boric  acid  ( a l l  A.R. 
products) were n eu tr a liz ed  w ith  varying amounts o f  0.2NNaOH 
(A.H.) g iving buffer so lu t io n s  o f  the required  pH.
Spectropho tome t r i e  S tudies on Vanadyl Sulphate Ferron 
Complex.
Spectrophotometrie measurements were carried  out with 
Beckman D.U. Spectrophotometer w ith  10 m.ra. corex c e l l s
Tungston lamp was used as the  l i g h t  source.
ii
Before carrying out absorption experiments on the  
composition o f  the complex, Vosburgh and Cooper's^^ method
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was employed to know th e  nvuub^ of complexes formed. Equimolar 
so lu t io n s  of vanadyl sulphate and ferron o f  concentration
-3
2 X 10 M were mixed in  the r a t io  4 :6 ,  5:5 and 6:4 re sp ec t iv e ly  
and th e ir  absorbances were noted at d if fe r e n t  wave leng-ttis in  
the wave length  range o f  325 to 525 mu«
Table 1 .
Concentration o f  Vanadyl Sulphate » 2 x 10 
Concentration o f  Ferron a 2 x 10“%
Wave length 4 : 6 5 » 5 6 : 4
mu O.D. O.D. O.D.
1 2 3
325 1.20 1 .0 - 0.71
330 1.15 0.96 0 .67
335 1.15 0.92 0 .6 4
340 1 .10 0 .90 0.62
345 1.15 0 .9 4 0 .6 4
350 1.25 1.05 0.72
360 1.50 1.30 0 .88
370 1.80 1 .50 1.05
375 1.85 1.55 1.075
380 2 .0 1.80 1.30
385 1.9 1.60 1 .10
390 1.9 1.60 1.10
395 1.85 1.50 1 .10
400 1.80 1.40 0 .96
410 1.35 1.10 0 .72
A25 0.75 0 .6 4 0.345
450 0.140 0.075 0.045
475 0.050 0.01 0.01
500 0.040 7 -
525 0.035
Fig. 1, Curve 1, 2 and 3,
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Table 2 .
Concentration o f  Ferron = 2 x 10” M^
Wave length Ferron : Water Ferron : water
mu 5 : 5 6 : 4
0 ,D, (4) 0 .D , (5)
325 1 .7 0.88
335 U 8 0 .84
350 1 .4 0.55
360 0,92 0,320
375 0.79 0.290
400 0.61 0.375
415 0.90 0.42
425 0 .94 0 ,44
435 0.98 0.445
445 0.96 0,445
450 0 .9 4 0.440
475 0.65 0 .30
500 0 .30 0.145
525 0.035 0.035
Fig • 1, Curve 4, 5#
I
The composition o f  the complex was determined by Job’ s
12
method o f  continuous v a r ia t io n .  Mixtures o f  equimolar 
so lu t io n s  o f  vanadyl sulphate and Perron were mixed according 
to the fo llo w in g  scheme.
Set I ,  Cone, o f  vanadyl sulphate and Ferron (1 x 10 M), The 
so lu t io n s  were mixed in  the fo llow in g  order ,
1 cc , 2 cc , 3 cc , 4 cc , 5 cc , 6 cc , 7 cc , 8 cc and 9 cc» 
o f  vanadyl sulphate were mixed with 9 cc, 8 cc , 7 cc , 6 cc,
5 cc , 4 cc , 3 cc , 2 cc and 1 cc of Ferron r e sp e c t iv e ly  and
- 117
t h e ir  o p t ic a l  d e n s i t ie s  were noted a t  380 mu.
9 cc, 8 cc , 7 cc , 6 cc , 5 cc , 4 cc , 3 cc , 2 cc and
-31 cc o f  ferron (1 x  10 M) were mixed with 1 cc , 2 cc, 3 cc, 
4 cc , 5 cc , 6 cc , 7 cc , 8 cc and 9 cc a f  water r e sp e c t iv e ly  
and th e ir  o p t ic a l  d e n s i t ie s  were measured a t  380 mu.
Set I I ,  Cone, o f vanadyl sulphate and Ferron r 8 x lO 'Sl 
a l l  other d e ta i l s  being the same as in  Set I .
Set I I I .  Cone, o f vanadyl sulphate and Ferron a 4 x 10 Si
a l l  o ther d e t a i l s  being the same as in  Set I .
-4Set IV . Cone, o f Vanadyl sulphate and Ferron s. 2 x 10 M 
a l l  other d e t a i l s  being the same as in  Set I .
The O.D. o f  vanadyl su lphate a t  th ese  concentration  
was found to be n e g l ig ib l e .
Curves were p lo tte d  between the d i f f .  in  O.D. (O.D. 
o f  the complex -  o p t ic a l  d en s ity  o f  ferron) versus
t- ferro n .
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Table 3 .
Set I .
Concentration of Vanadyl Sulphate 
Concentration o f  Ferron
= 1 X 10"^M 
-  1 X 10“ M^
V o l.o f V ol. o f O.D. V ol. o f 7 o l .  o f O.D. D i f f .  in O .D .
VOSO4 Ferron Ferron H20
1 cc 9 cc 1.30  9 cc 1 cc 0 .8 0 0.50
2 cc 8 cc 1.50  8 cc 2 cc 0.65 0.85
3 cc 7 cc 1.75 7 cc 3 cc 0 .58 1.17
4 cc 6 cc 1.90 6 cc 4 cc 0 .36 1 .54
5 cc 5 cc 1.75 5 cc 5 cc 0.375 1.375
6 cc 4 cc 1 .40  4 cc 6 cc 0.280 1.055
7 cc 3 cc 1 .10  3 cc 7 cc 0 .3 0 0 .80
8 cc 2 cc 0 .76  2 cc 8 cc 0.165 0.595
9 cc 1 cc 0.380 1 cc 9 cc 0.080 0 .30
F ig .  2 , Curve 1•
Table
Set I I .
Concentration o f  Vanadyl Sulphate ^ 8 X 10'
Concentration o f Ferron = 8 X 10''S i
V ol. o f V ol. o f O.D. V ol. of V ol. o f  O.D. D i f f .  in
V0SO4 Ferron Ferron H2O 0 .1).
1 cc 9 cc 1.15 9 cc 1 cc 0.83 0.32
2 cc 8 cc 1.25 8 cc 2 xc 0.69 0 .56
3 cc 7 cc 1 .60 7 cc 3 cc 0.82 0.78
4 cc 6 cc 1 .70 6 cc 4 cc 0 .70 1 .0
5 cc 5 cc 1 .60 5 cc 5 cc 0,76 0 .84
6 cc 4 cc 1.35 4 cc 6 cc 0 .67 0 .68
7 cc 3 cc 1.00 3 cc 7 cc 0 .46 0.54
8 cc 2 cc 0 .90 2 cc 8 cc 0.52 0.38
9 cc 1 cc 0 .75 1 cc 9 cc 0 .55 0.20
Fig, 2, Curve 2.
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Set I I I ,
Concentpation of Vanadyl Sulphate r 
Concentration o f  Ferron z  4x1
^ .y e  ;iengt^: ^gO m^
Table 5.
V ol. o f V o l, o f O.D. V o l. o f V o l. o f O.D. D i f f .  in
VOSO4 Ferron Ferron HgO O.D.
1 cc 9 cc 0.53 9 cc 1 cc 0.355 0.1715
2 cc 8 cc 0 . 7a 8 cc 2 cc 0.305 0.415
3 cc 7 cc 0 .86 7 cc 3 cc 0.255 0.605
4 cc 6 cc 0 .9 4 6 cc ‘^  cc 0.195 0.745
5 cc 5 cc 0 .8 4 5 cc 5 cc 0.145 0.695
6 cc 4 cc 0 .66 4 cc 4 cc 0 .110 0.55
7 cc 3 cc 0.51 3 cc 3 cc 0.105 0.405
8 cc 2 cC 0.33 2 cc 2 cc 0.055 O127O
9 cc 1 cc 0.190 1 cc 1 cc 0.05 0.140
F ig . 2 , Curve (3)
Set IV. Table 6 .
"it
Concentration Vanadyl Sulphate -  2x10
Concentration o f  Ferron Z  2x10'
lilaye }B0 mp, ft
V ol. o f V o l. o f O.D. V ol. o f V ol. o f O.D. D i f f .  in
VOSO4 Ferron Ferron H2O O.D.
1 cc 9 cc 0.275 9 cc 1 cc 0.205 0,070
2 cc 8 cc 0 .340 8 cc 2 cc 0.165 0,175
3 cc 7 cc 0 .360 7 cc 3 cc 0.140 0.220
4 cc 6 cc 0.355 6 cc 4 cc 0.115 0.240
5 cc 5 cc 0.285 5 cc 5 cc 0,070 0.215
6 cc 4 cc 0.230 4 cc 6 cc 0.095 0,135
7 cc 3 cc 0.205 3 cc 7 cc 0.075 0.130
8 cc 2 cc 0.115 2 cc 8 cc 0.075 0 .040
9 cc 1 cc 0.055 1 cc 9 cc 0.025 0.030
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The r e s u l t s  arrived  at by Job’ s method o f  continuous 
v a r ia tio n  were furthur confirmed by slope r a t io  mettiod*^^
Two s e r ie s  o f  so lu t io n s  were prepared by varying the concentra­
t io n  o f  one o f  the  reagents in  presence o f  constant amount of  
the o th e r .  Pour s e t s  o f  experiments were carried  o u t .
Table 7 .
Set I .
V o l. o f  1x10’\  VOSO4 
Strength o f  Ferron
= 0 .5  cc 
r 5x 10“^
A fter mixing, a l l  th e  mixtures were d i lu te d  to  5 cc .
Set IX.
V o l. o f  1x10 ''M Ferron -  0*5 cc
Strength o f  VOSO/^  -  5x10"^
A fter mixing, a l l  the mixtures were d i lu te d  to 5 cc.
Wave len gth  380 mu: 
Set I S et I I
V ol. o f  Ferron 
added
O.D. V ol. o f  VOSO. 
added ^
O.D.
0 cc 0 cc 0 .07
0,1 cc 0,1 cc 0,12
0 .2  cc 0.055 0 .2  cc 0 ,18
0 .5  cc 0,115 0 ,5  cc 0.280
0 .8  cc 0,205 0 .8  cc 0,410
1 ,0  cc 0,350 1 ,0  cc 0 ,50
1 .5  cc 0 ,50 1 ,5  cc 0,75
2 ,0  cc 0 ,58 2 ,0  cc mm
2 ,2  cc 0 ,6 4 2 .2  cc
2 ,5  cc 0*64 2 ,5  cc
3*0 cc 0 ,67 3*0 cc -
3*5 cc 0 ,75 3 ,5  cc f.
4 ,0  cc 0 ,70 4 .0  cc
F ig .  3 , Curve (1) F ig .  3 , Curve (2)
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Table 8 .
Set I I I .
V ol. o f  5x10"^I VOSO^  ;  0 .5  cc
Strength o f  Perron :: 2x10“^
A fter mixing o f  the rea c ta n ts ,  a l l  the so lu t io n s  were 
d ilu te d  to  5 c c .  s.
Set IV.
V o l. o f  5x10-^ Perron z  0*5 cc
Strength o f  VOSO/^  r  2x10“^
A fter mixing the r e a c ta n ts ,  a l l  the  so lu t io n s  were
d ilu te d  to  5 c c .
Ifeye. ; e n ^ h ; .  }3P. m
Set I I I Set IV
V ol. o f  '8050iv 
added
O.D. V o l. o f  Perron 
added
O.D.
0 cc 0.02 0 0.02
0.1 cc 0.03 0.1 cc 0 .0 4
0.2  cc 0.035 0 .2  cc 0 .08
0 .5  cc 0.075 0 .5  cc 0.145
0 .8  cc 0.115 0 .8  cc 0.230
1 .0  cc 0.135 1 .0  cc 0 .30
1 .5  cc 0 .20 1 .5  cc 0 .40
2 .0  cc 0.270 2 .0  cc 0.53
2 .2  cc 0 .30 2 .2  cc 0.55
2 .5  cc 0 .3 4 2 .5  cc 0 .68
3 .0  cc 0.39 3 .0  cc -
3 .5  cc - 3 .5  cc -
4 .0  cc 4 .0  cc
F ig .  3, Curve (3) P ig .  3 , Curve (3 ) •
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The formation constant o f  the vanadyl ferron complex
In so lu t io n  was determined according to  the method of Tanka 
14
and Takaznura.
I f  a, the t o t a l  concentration o f  V0 ‘^ i s  in  a large  
excess over b, the t o t a l  concentration  o f  Ferron, tiie 
concentration o f  the complex formed in  s o lu t io n ,  C, can be 
expressed by the  equation .
C= K r Kab
^ a ? J c K b -3 c )  1 -  3aK
Where K i s  the  formation constant of the sp ec ies  in  so lu t io n  
expressed in  terms o f  molar concentration*
= m s . ,
or a t  Z ^  “ 1
D E EK
Where E i s  the molar e x t in c t io n  c o e f f ic e n t  o f  tiie complex*
By p lo t t in g  aga in st a i a l in e a r  r e la t io n sh ip  i s  obtained,
and from the va lu es o f  the l i n e  and i t s  in tercep t  K and E 
can be determined (P ig .  5 ) .
Conductometric s tu d ie s  on Vanady;i Sulxphate-Ferron Ctomplex;
E le c t r ic a l  conductance measurements were carried  out 
with the help o f  Cambridge con d uctiv ity  bridge and a dip type 
con d uctiv ity  c e l l  (Kr 0*36) •
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E le c t r ic a l  conductance measurements were made 
with mixtures prepared according t o  Job's method o f  
continuous v a r ia t io n ,  Equimolar so lu t ion s  of the reagents  
o f concentrations 1 x 10^M, 2 x 10"^M and 5 x 
were prepared in  Conductivity water and conductances were 
measured a t  30 t  0,1®C. The d iffer en ce  i s  Sp conductivity  
observed Sp cond uctiv ity  o f  the complex minus the sum 
o f  th e  c o n d u c t iv it ie s  o f  the con stitu en t so lu tion s  was 
p lo tte d  a g a in st  the composition of the mixture (F ig ,  6 ) ,
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D I S C U S S I O N
The spectrophotom etric methods carried  out to study the 
Vanadyl sulphate -  Perron coniplex gave the fo llow ing  information 
regarding the composition o f  the complex.
( i )  The method of Vosburgh and Cooper employed to  determine 
the number o f  complexes formed showed th a t  a l l  the 
mixtures gave a maxima at 380 mu, thereby showing the 
formation of only one complex (F ig ,  1 , Table 1) and 
the >^ max of the ferron  l i e s  a t  380 mu (F ig ,  1,
Table 2 ) ,
( i i )  Job* s method of continuous v a r ia tio n  carr ied  out for
the equimolar s o lu t io n s  of VOSO/^  and FerixDn o f  four 
d if f e r e n t  concentrations v i z . ,  1 x 10 2 x 10”^ ,
4 X 10 and 8 x 10“S l  gave a r a t io  2:3  for VO^  ^ and 
Ferron (F ig .  2 ,  Table 3 , 4 , 5 and 6 ) ,
( i i i )  The r e s u l t s  arrived  a t  by the Job's method were further
conformed by the slope ra t io  method. The concentration
-4
of VOSO^  (1 X 10 M) was kept constant and that of Ferron 
o f  concentration 5 x  10"‘'!M was varied in  the f i r s t  s e t ,  
while in  the o ther, the concentration o f  Ferron 
(1 X 10”^) was kept constant th a t  o f  VOSO^  (5 x 10 Si) 
was Varied (Table 7, F ig .  3 ) .  Two more s e t s  were prepared 
by taking d if fe r e n t  conceit  ra tion s o f  VDSO^  and Ferron 
and O.D. were measured (Table 8, F ig . 3 ) .  The slope was
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determined on the s tr a ig h t  l in e  portion  o f  the curve and a 
r a t io  o f  2:3 for Set I ,  I I  and I I I ,  IV was ob ta ined .
The value o f  formation constant was ca lcu la ted  from 
the expression  given on page 123 of th is  chapter,
0 ,D , measurements for VO'*'^  Ferron mixtures were made 
by varying the conc n itr a t io n  o f  and Ferron flx)m
4 ,8  X 10”^  up to  1 ,6  X 1 0 " ^  in  presence of a f ix e d  h i^ e r
xA .A
concentration  of VO • and Ferron (1 x  10 M) r e sp e c t iv e ly
(F ig ,  3 , Curve 1 , 2 ) ,  Another s e t  o f  experiments was
carried  out by varying the concentration of VO^ "' from 4 x 10“^  
-4to 1 ,2  X 10 M in  presence of a law f ix e d  concentration o f  
Ferron (5 x lO^M) and measuring the absorbances of the 
so lu t io n s  at 380 mu (P ig ,  3 , curve 4 ) ,  The r e s u l t s  are given 
in  the Table 13 and the va lues o f  a b/D are p lo tte d  aga in st  
the concentration o f  V0^ '*‘ (a) in  f i g .  6 ,
Table 13 ,
Cone, o f  yo^ "^  
a X lO**^
D
(observed)
ab/jj X 10 ^
0 .8 0 ,0 7 5,71
3 ,12 0 ,24 6 .5
4 .0 0 ,28 7.1
6 .0 0,41 7.29
8 .0 0,55 7.21
F ig ,  6 ,
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s tu d ie s ,  the stru ctu re  o f  the complex may be w ritten  as
SO.
The u t i l i t y  o f  the vanadyl sulphate -  Ferron
re a c t io n  can be found in  the co lor im etr ic  estim ation  of
VO*"^  io n s .  S ince the colour o f  the complex remains stab le
over a large  pH range (approximately 2 to 11) and the
in t e n s i t y  o f  the colour does not fade upto as low a
-4
concentration  a s  1 0  M, the reagent can be very w e ll  
employed for  the estim ation  o f  vanadyl io n s .
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C H A P T E R  IV.
E tha no l Amine Complexes o f  V ( iv )
The strong complex forming tendency o f  ethanolamines 
are w e ll  known, the coordination takes p lace  u su a lly  through 
oxygen or n itrogen  depending upon the nature o f  the metal ion . 
Ethanol amines form complexes w ith almost a l l  the metals of
the t r a n s i t io n a l  s e r i e s ,  the most e x te n s iv e ly  studied are
1 ,2 ,3  4
those o f  Fe, Co, N i, Cu and Ito. Tettamanzi and Carli made
an ex ten siv e  study o f  the ethanolamine complexes of N i, Cd,
Ca, Mg, They suggested that in  n ic k e l  complexes the coordina­
t io n  takes p lace  through 7OH group, whereas magnesium foimed 
simple ad d it ion  compounds* Furthur work by the same authors^ 
showed th a t  in: Co, Cu or Zn complexes, a hydrogen of one o f  
the hydroxyl groups was replaced  hy the metal g iv ing  a 
compound vrfiich they formulated*
ETHM O L AI-IIITSS COMPLSXES OF Y ( l v )
N
M iller^ has prepared some c r y s ta llin e  derivatives  of bismuth wl 
triethanolamine and from an a ly tica l data, be assigned the 
formula*
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Na -  o -  3:
0^ -  GH2 z  
and B3<^  -0 -  GH2 -  CHg
-  CK2 -  C K ^
Some fresh  l i g h t  was also shed on the nature of  
ethanolamine complexes by employing polaiographic studies
n
R .S, Subramayan'  ^ showed th at ethanol amines g ive  revers ib le
wave on ly  in  ammonical so lu t io n s  \rtiile in  non ammonical
so lu t io n s  r e v e r s ib le  wave i s  obtained only w ith tr ie th a n o l-
amine. He a lso  stud ied  the polarographic behaviour of Cd,
Cu, Pb, N i, Co, Zn and Pe in  ethanol amines using K2 30^ as
supporting e l e c t r o ly t e .  He showed the formation o f  complexes
l i k e  Cd (Mono en)3  ^ Cd (D ien)3‘*‘ Cd (Trien)^ Ni
(Dien)^  ^ Ni (Monoen)^ Pb (Dien)2  ^ ", Pb (Monoen)2  ^ ^
e t c .  M ichelle  Gilband^ studied  the  e f f e c t  o f pH on the
complexing a c t io n  o f  tr ie th a n o l  amine on copper sa lts*  
amine
T rie th anoV give  a c t iv e  complexes with copper s a l t s  having 
molecular or th e  p a r t ic u la r ly  io n ise d  form depending on 
pH, Neutral or a lk a l i  media favours m obility  o f  the hydroge 
on a lc o h o l ic  OH. He determined condensation domain o f  
ex is te n c e  and s t a b i l i t y  constant o f  the d iffer en t  complexes
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by employing p o ten tiom etr ic , cryoscoplc and polarographic
measurements. The d is s o c ia t io n  constants for the complex
2  ^ 3 4*
C u (ii) - tr ie th a n o la m in e , T2 CU2 (OH) 2 COH)  ^' and
T2^  (OH)ji  ^ are given  by pK= 4 .7 ,  27*9, 63 .5  and 40.0
2“  2“
r e s p e c t iv e ly  and for  T + Cu (0H)2  ^ TCfuCOH)^ ^^  as 3 .4 .
A review  o f  the  e x is t in g  l i t e r a t u r e  shows that ethanol 
amine complexes o f  almost a l l  the t r a n s i t io n a l  metals belonging 
to f i r s t  long period have been stud ied  except that of  
vanadium. Hence, an attempt was made to study the vanadyl 
complexes o f  ethanol amines by applying physico-chemical 
methods. In t h i s  chapter the r e s u l t s  on the' composition  
o f  the products of V (iv )-e th a n o l amine complexes employing 
spectropholom etric and amperometric methods, are described .
E X P E R I M E N T A L
SOLUTIOIJS:
Monoethanolamine s o lu t io n  (approx 1M) was prepared 
by 12 .0  cc  o f  the reagent (Extra pure, Naarden product) in
10 .0  cc doubly d i s t i l l e d  water and was standardized by 
t i t r a t i n g  aga inst 1M HCl pH m e t r ic a l ly .  D iethanol amine 
(E. Merck) and Triethanol amine (Naarden) were employed
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fo r  th e  experim ents and t h e ir  a p p ro x im a te ly  m o la r s o lu tio n s  
were p repared by d is s o lv in g  9*6 cc and 6 cc r e s p e c t iv ^ y  in  
100 cc o f  doub ly  d i s t i l l e d  w a te r* They were s tandard ized  
pH m e te r ic a lly  a g a in s t 1M H C l. The pH m e tr ic  t i t r a t io n s  were 
c a r r ie d  o u t w ith  a Beckman pH m eter (m o ld e l C) w ith  g lass 
e le c tro d e s  o f  ge ne ra l u t i l i t y *
Table I
Set I *  15 cc M monoethanolamine (approx im ate  M /iq  s o lu tio n
nro
was 10 cc o f  approxim ate M s o lu t io n  o f monoethanolamine to 
100 cc) a g a in s t s tandard  M HC l*
KT
Set I I .  15 cc D ie thano lam ine (approx im ate  ^  s o lu t io n  
was prepared by d i lu t in g  10 cc o f  approxim ate M s o lu t io n  
o f  th e  reagent to  100 cc) a g a in s t s tandard  M HC l*
S et I I I *  15 cc T rie th a n o la m in e  (approx im ate  ^  s o lu tio n
was prepared by d i lu t in g  10 cc o f  approxim ate M s o lu t io n  o f
the  reagen t to  100 cc) a g a in s t s tandard  M HCl*
10
-!:^ n^H+t:
8 \2 16 20
Vet <41 Mo M Wc/.
t-------1------ ir------ \—
~  -t <B m  i6  S.O 
0 ) j 5*0 cc Mon# (JOUiJrwt*. QOruMl 
Sfijai 15'0frei>tettiw2x>  ^ amone.
(3) i5 ^  c-c 3'rt tt^uinoi o^mlnA.
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V ol. o f  MJICl 
added 10 ?!)
•
0 10.7 10,1 10.0
2 cc 9 .5 9 .2 8 .5
4 cc 9.1 8 .6 7 .6
5 cc 9 .0 8.2 7 .4
7 cc 8 .8 8 .0 7.1
8 cc 8 .7 7 .9 7 .0
9 cc 8 .6 7 .8 6 .9
10 cc 8 .5 7 .7 6 .8
11 cc 8 .5 7 .6 6 .6
12 cc 8 .4 7 .4 6 .4
14 cc 8.1 7 .0 5.9
15 cc 8 .0 6 .4 4 .3
16 cc 7 .8 0 .6 0 .6
18 cc 6 .5 0 .2 -
I8 .5 c c 1.3
F ig .  CD
1) 17.5 cc MCI (1x10“‘‘M)f 15 .0  cc Mono ethanolamine
11) 13*5 cc MCI (IxlO^^M): 15*0 cc Diethanolamine
111) 15*0 cc MCI (1x10"^M)r 15*0 cc Trlethanolamlne
An approximate 1x10” M^ so lu t io n  of vanadyl ch loride  
was prepared by d is s o lv in g  the reagent (B. Merck) In double 
d i s t i l l e d  water and I t s  strength  was determined by reducing 
i t s  on Jone’ s reductor and t i t r a t i n g  i t  against KMnOj^  ^
so lu t io n  ( d e t a i l s  given in  chapter I  page 24)*
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Buffer so lu t io n  o f  the pH range (2 to  11) were 
prepared by u t i l i s i n g  u n iv ersa l buffer containing mixture 
o f  ph A cetic  acid  boric a c id , phosphoric acid  and sodium 
hydroxide (A ll  A.R. P rod u cts ) .  The pH»s o f  the buffer  
so lu t io n s  and mixtures were checked w ith  a Beckman pH 
meter (modle G) w ith g la s s  e lec tro d es  (general u t i l i t y  
and E type e lec tro d e  for pH»s above 1 0 ) ,  A Beckman D,U, 
Spectrophotometer w ith tungston lamp as the l i g h t  §o\xp'q§ 
was used for o p t ic a l  density  measurements. The amperometric 
measurements were made using the F ischer Elecdropode in  
conjunction with a m u lt i f le x  galvanometer type MGF2 in  the 
externa l c i r c u i t .
ethanol amine complex:
Vanadyl ch lor id e  formed a so lub le  yellow ish  green 
coloured complex with mono ethanol amine, the colour of 
the  complex faded on long exposure to  a ir ,  however, on 
keeping a la y er  o f  p a ra ff in  on the  su rfa ce , i t  remained 
s ta b le  for se v era l days. Hence, during the experiments 
the mixture o f  the rea cta n ts  were kept covered with a th in  
la y e r  o f  l iq u id  p a ra ff in  in  order to check the fad in g .
In order to determine the number o f  complexes formed 
by the in te r a c t io n  o f  vanadyl ch lor ide and mono ethanol amin<
9
the method o f  Vosburgh and Cooper was fo llow ed , Equimolar
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so lu t io n  (1x10 ^ 0  o f  vanadyl ch lor id e  and mono ethanol amine 
were mixed in  the ra t io  of 2 :8 ,  3 :7 , 4 :6 , 5:5 and 6:4  
r e s p e c t iv e ly  and the absorbances were measured in  the 
wave length  range 400 to  1000 mu.
Table 2 ,
Concentration o f  vanadyl ch loride r 1x10“^M 
Concentration o f  Monoethanolamine r 1x10"^M
Wave length 2 lT -  ■  ■ ■ ^:7 4*6 " T : ! --------------------  -g-.T; ■ ■
mu CD C2) (3) (4) (5)
400 0.185 6.325 6.570 6 .68 0 .70
425 0 .120 0.270 0.440 0 .58 0.480
450 0.125 0.230 0.355 0.410 0 .30
475 g.110 0.210 0.315 0.280 0.150
500 0 .10 0 .20 0 .30 0.220 0.040
525 0.090 0.190 0 .30 0.210 0.020
550 0.085 0.190 0.305 0.205 0.010
575 0.090 0.195 0.305 0.230 0.020
600 0.075 0 .2 0 0.320 0.235 0.060
625 0.090 0.205 0.350 0.280 0.110
650 0.120 0 .30 0.390 0.330 0 .160
675 0.075 0.250 0.380 0 .30 0.120
700 0.070 0.225 0.360 0.280 0 .10
725 0.070 0.245 0.350 0.270 0 .110
750 0.070 0.240 0.340 0.280 0.110
800 0.070 0.255 0.340 0.280 0.120
850 0.080 0.270 0.330 0.285 0.120
900 0.070 0.280 0.335 0.290 0.130
950 0 .060 0.280 0.330 0.285 0.140
1000 0.060 0.30 0.330 0 .30 0.135
F ig .  2 .
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Job 's  method was fo llow ed  for determining the 
composition o f  the complex. Equimolar so lu t io n s  of  
vanadyl ch lo r id e  and mono ethanolamine of th ree  d if fe r e n t  
concentrations v i z . ,  2x 1 1 x 10“^  and Sxio'-^M were 
mixed according to the method of continuous v ar ia tion  
and O.D. was measured a t  650 mu. The absorption of  
wolution containing the rea cta n ts  sep era te ly  was a lso  
measured. Vanadyl ch loride showed l i t t l e  absorption at  
t h i s  wave len g th  but th ere  was n e g l ig ib le  absorption in  
case o f  mono ethanolamine. The d ifferen ce  in  o p tic a l
d en sity  was p lo t te d  a g a in st  the r a t io  VO
Table 3 .
Concentration o f  vanadyl ch lo r id e  z  2x10"*^ 
Ctoncentration o f  Mono ethanolamines 2x10”^
Wave length: 650 mu
V ol. o f  
vanadyl 
ch lor id e
V ol. o f  
Mono 
ethanol 
amine
O.D. V o l. o f  
vanadyl 
ch lor ide
V ol. o f  
E^ O
O.D. D i f f .  in  
O.D.
1 cc 9 cc 0.095 1 cc 9 cc 0.040 0.040
2 cc 8 cc 0.195 2 cc 8 cc 0.055 0.140
3 cc 7 cc 0 .480 3 cc 7 cc 0 .80 0 .40
4 cc 6 cc 0.795 4 cc 6 cc 0.095 0.70
5 cc 5 cc 0*715 5 cc 5 cc 0.125 0.590
6 cc 4 cc 0.540 6 cc 4 cc 0 .140 0.40
7 cc 3 cc 0.435 7 cc 3 cc 0.165 0.270
8 cc 2 cc 0.360 8 cc 2 cc 0.180 0.180
9 cc 1 cc 0 .214 9 cc 1 cc 0.210 0.03
Fig. 3, Curve (1).
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Table 4 ,
Ctoncentration o f  Vanadyl ch loride z  1 x 10 S i  
Concentration o f  Mono ethanol amine a 1 x 10”^
Vol. o f  
Vanadyl 
ch loride
Vol. of V ol. o f  
mono ethanol G.D. Vanadyl 
amine ch lor id e
Vol. of  
H2O O.D.
D if f .  in  
O.D.
1 cc 9 cc 0.020 1 cc 9 cc 0.020 0
2 cc 8 cc 0.040 2 cc 8 cc 0.025 0.015
3 cc 7 cc 0 .170 3 cc 7 cc 0.045 0.125
4 cc 6 cc 0 .370 4 cc 6 cc 0.025 0.345
5 cc 5 cc 0.310 5 cc 5 cc 0.030 0.280
6 cc 4 cc 0.155 , 6 cc 4 cc 0.040 0.115
7 cc 3 cc 0.095 7 cc 3 cc 0.050 0.045
8 cc 2 cc 0 .110 8 cc 2 cc 0.060 0.050
9 cc 1 cc 0.090 9 cc 1 cc 0.065 0.025
P ig .  3, Curve 2 .
Table 5*
Concentration of Vanadyl Chloride = 5 X 10“ M^
Concentration o f  Monoethanolamine z 5 X 10“ M^
Wave length  : 650 mu
V ol. of V ol. of V ol. o f V ol. o f D i f f .  in
Vanadyl Mono ethanol 0 .!>. Vanadyl HoO G.D. G.D.
ch lor ide amine chlorid e
1 cc 9 cc 0 1 cc 9 cc 0 0
2 cc 8 cc 0.01 2 cc 8 cc 0 0.010
3 cc 7 cc 0.050 3 cc 7 cc 0.005 0.045
4 cc 6 cc 0.155 4 cc 5 cc 0.005 0.150
5 cc 5 cc 0.110 5 cc 5 cc 0.010 0.10
6 cc 4 cc 0 .07 6 cc 4 cc 0.02 0.050
7 cc 3 cc 0 .02 7 cc 3 cc 0 .(^0
8 cc 2 cc 0.02 8 cc 2 cc 0.010 0.010
9 cc 1 cc 0.03 9 cc 1 cc 0.010 0.020
Fig. 3, Ciirve 3.
-  -
In order to  g e t  conclusive  inform ation regarding the
Q
composition of the complex, the method of s lope r a t io  was 
a lso  conducted. Two s e t s  o f  experiment were carried  ou t.  
In the  f i r s t  s e t  the concentration  o f  vanadyl ch lor id e  was 
kept constant and th a t  o f  monoethanolamine was varied , in  
other s e t  the mixing was done in  reverse order.
Table 6 ,
Set I .
V ol. o f 2 X 10“S l  vanadyl ch loride 0 .2  cc
Strength o f  monoethanolamine
Set I I .
V ol. o f 2 X 10 ‘•M Monoethanolamine = 0 .2  cc 
Strength o f  vanadyl ch lor id e  = 5 x  10"%
After mixing a l l  the so lu t io n s  (S et  I and Set I I )  
were d ilu te d  to 5 cc and th e ir  O.D. was measured a t  650 mu.
Set I .
V ol. of  
monoethanol 
amine added
O.D.
V ol. o f  
vanadyl
ch lor ide added
O.D.
0 0.008 0
0 .2 0.016 0 .2
0 .4 0.030 0 .4 -
0 .6 0 .040 0 .6 -
0 .8 0.052 0 .8
1 .0 0.060 1 .0 0.015
1 .5 0.092 1 .5 0.020
2 .0 0 .12 2 .0 0.025
2 .5 0.15 2 .5 0.040
3 .0 0.18 3 .0 0.055
4 .0 0.085
4 .5 1.10
4 .8  * 1 .20
F ig .  4, C3urve 1 F ig .  4 , Curve 2 .
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In order to study the in flu en ce  o f  pH on the absorption  
o f  the complex, equirallar mixtures of vanadyl ch loride and 
monoethanolamine o f  co n co itra tio n  5 x 10 \  were mixed in  the  
r a t io  o f  2:3 and th e ir  pH was adjusted to the required value 
by adding buffer s o lu t io n s .  Absorbance o f  a l l  these  mixtures 
were measured in  the wavelength range o f  400 mu to 1000 mu.
Table 7 .
Concentration o f  vanadyl ch loride a 5 x 10"^M 
Ctoncentration o f  Monoethanolamine = 5 x  10“*%
Wave length  : 650 mu
Wave pH- pH = pH = pH 5 pH s  pH s  pH = pH = pH ? pH =,
length  4 .9 4 .9 5 .5 6 .0 6 .9 7 .4 8.3 9 .0 10.9 11.4
mu (1) (2) C3) (4) (5) (6) (7) (8) (9) (1>)
400 0.490 0.750 0 .8 0 0 .190 0 .30 0,160 0.120 0,235 0.350 0.285
425 0.345 0 .540 0 ,60 0.130 0.250 0.110 0.070 0 ,20 0 ,30 0.20
450 0.255 0 .420 0.49 0.110 0 ,20 0 ,08 0.060 0,165 0,210 0,10
500 0.195 0 .330 0.395 0.110 0,140 0 .0 7 0.060 0,110 0,070 0,02
550 0.215 0.355 0.380 0.105 0.160 0.09 0.050 0.120 - 0,03
575 0.240 0.390 0.395 0 .10 0.180 0.070 0.060 0,130 0.035
600 0.270 0.420 0.430 0.085 0.190 0.070 0.040 0.140 0.02 0.020
625 0.285 0.440 0.470 0 .080 0.220 0.070 0.070 0,160 0 .04 0.020
650 0.295 0.460 0.490 0.140 0.250 0.095 0.115 0,180 0.07 0,030
700 0.360 0.580 0.550 0 .10 0.170 0.060 0.020 0.120 0.01
750 0.390 0 .590 0.590 0.080 0.150 0.075 0.030 0.115 -
800 0 .40 0 .6 0 0 .60 0,110 0 .20 0.080 0.050 0.140 -
850 - 0 .60 0 .60 0.090 0.15 0.070 0.040 0.120 0.01
900 0.410 0 .60 0.61 0.090 0.15 0.070 0.050 0.110 -
950 - 0 .6 0 0.61 0.070 0.15 0.075 0.050 0 .10 0.01 • W
000 0 .6 0 0.61 0.070 0 .14 0.075 0.050 0 ,10 0.01 ,
F ig .  5 .
144
The formation constant o f  th© Vanadyl-Mono-ethanolamine 
complex in  so lu t io n  was determined according to the method * 
o f  Tanaka and Takamiira, The d e ta i ls  o f the method and 
required equations are given  in  Chapter I I I  page 123.
O ptica l d e n s ity  measurements for VO^  t  Monoethanolamine 
mixtures were made by varying the concentration  o f  VO^  and 
monoethanolamine upto 2.5x10"'^M in  presence of higher 
concentration  o f  Monoethanolamine (SxlO^M) re sp e c t iv e
showed that Beer* law i s  obyed under th ese  conditions* Anothe:
se t  o f  experiments was carried  out by varying the concentratii
+ t  “3 -3
o f  VO ' from 1x10 M to 4.8x10 M in  presence o f  a low fixed
concentration  o f  Monoethanolamine (8x10 \ [ )  (F ig .  4, Curve 2) 
The r e s u l t s  are given  in  ta b le  8 and -fee va lues of ab/jj are
p lo t te d  against the concentration  o f  VO^  ^ in  F ig .
Table 8 .
C on c.,o f  VO^  ^
( x10-%  ) 
a
D observed ab/jjXl0'^
1 .0
1 .5
2 .0
2 .5
3 .0
4 .0
4 .5  
4 .8
0.015
0,020
0.025
0 .040
0.055
0.085
1 .10
1 .20
5.50x10l^
6 .0  x i o j  
6 .4 0 x 1 0 ^
5 .0  x io :^  
4.33x10 1
3.76x10 5
h i m l
P ig .  6a
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Amperometrlc T itra tio n s;
Amperoraetrlc t i t r a t io n s  between vanadyl ch lor id e  and 
mono ethanol amine were carried  out using  sulphuric a d d  
as supporting e l e c t r o ly t e  and g e la t in  as maximum suppressor • 
The concentration o f  sulphuric acid  was kept 6 , 6 x 1 0 ^  and 
th a t  o f  g e la t in  6,6x10 Both d ir e c t  (vanadyl ch loride
in  the c e l l )  and reverse  (monoethanolamine in  the c e l l )  
t i t r a t io n s  were carried  out with d if f e r e n t  concentrations  
o f  the r e a c ta n ts .  However, the reverse  t i t r a t io n s  did not 
prove su cc ess fu l  as no sharp points of in f le x io n  were obtained  
in  th e se  cases*
D irect:
1 ,  5 .0  cc o f  5x10“^  vanadyl ch lo r id e  + 10 cc H2 
(2xlO"^M) + 2 cc g e la t in  (1x10^ ^ ) + 13 cc H2O against  
2x10"^M monoethanolamine.
2 ,  10 .0  cc o f  5x10 S i  vanadyl ch lor id e  -V 10 cc H2S02  ^
(2xlO"^M) i. 2 cc g e la t in  (1x10^ ^ ) + 8 cc H2O against
2x10“  ^M mono ethanol amine *
3 ,  15 cc o f  5x1 ©“S i  vanadyl ch lor ide t  10 cc 
(2xl0"’^M) t  2 cc g e la t in  (1x10*"'^ )^ *t, 3 cc H2O against  
2x10“% monoethanolamine.
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In order to  carry out amperometric t i t r a t io n s  the  
constant p o te n t ia l  to be applied  during the course of 
t i t r a t io n s  v/as f i r s t  o f  a l l  determined 1 ,0  cc of  
vanadyl chlorf.de in  8x10“^M H2S0j  ^ as supporting e le c tr o ly te  
was taken in  the polarographic c e l l ,  the t o t a l  voloume was 
made upto 25 cc* The current was measured at 1* 10 s e n s i t iv i t
*
o f  the galvanometer and 5 x s e n s i t i v i t y  of the elecdropode. 
Nitrogen gas (p u r if ie d  a f te r  passing through a lk a lin e  
p y ra g a llo l  and chromus ch lor id e) was passed for k e y in g  an 
in e r t  atmosphere. The c e l l  was kept ’ iimiersed in  a 
thermostat maintained at 30+ 0*1°c . The drop time was kept 
a t  3 .5  s e c .
Table 9 .
Polarogram of vanadyl ch lo r id e  in  su lphuric a c id (8x10'’^ !) 
Concentration o f  vanadyl ch lor id e  r 4x10“S l
Voltage
applied
Current
8.8x10"^
flint).
Voltage
applied
Current© 
8.8x10”° amp.
0 13 .50 1 .25 55.5
0 .1 0 1 4 .0 1 .30 56 .0
0.15 14 .0 1.35 56.5
0 .20 14 .0 1 .40 57 .0
0 .3 0 14 .0 1.45 57 .0
0 .40 14.5 1 .50 57 .0
0 .50 14.5
0 .60 14.5
0 .70 15 .0
0 .80 15 .0
0.85 16.5
0 .9 0 1 8 .0
0 .95 19 .0
1 .0 3 5 .0
1.05 46.5
1 .10 50.0
1.15 52.5
1.20 54 .0
F ig .  7 .
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Polarogram was dra-wn and from the-plateaia o f  the curve, 
the p o te n t ia l  to  be applied  for the amperometer t i t r a t io n s  
was determined and i t  came out to be - 1 .0  v o l t .
D irect  t i t r a t io n s :  vanadyl ch lor id e  in  -ttie c e l l
Table 10.
30 cc o f  8*3z10“ M^ vanadyl ch loride a g a in st  2x10~% 
mono ethanolamine.
V o l.  o f  mono- Current V ol. o f  mono­ Current
ethanolamine amp. Q ethanolamine 
( 2 .2 x10“^)
amp. Q 
(2 .2x10 8)
0 .0  cc 58.5 3 .5 48.25
0 .5  cc 56 .0  4 .0 47.25
1 .0  cc 53 .0  4 .5 48.0
1 .5 cc 52*5 5 .0 48.0
2 .0  cc 50.5 5 .5 46.5
2 .5  cc 49 .5  6 .0 48.0
3 .0  cc 48 .0
P ig .  8 , Curve 1 .
Table 11 .
30 cc o f 1.66x10”^  vanadyl ch lor id e  against 2x10"%
mono ethanolamine.
•
V ol. o f  mono- Current amp. V ol. o f  mono Current
ethanolamine (2 .2x10“o ethanolamine sanp.
(2 .2x10  ^
0 cc 74 .5  8 .0  cc 68 .0
1 .0  cc 7 5 .0  9 .0  cc 68.5
2 .0  cc 73.5 10 .0  cc 68 .0
3 .0  cc 71.5
4 .0  cc 71.25
5*0 cc 69.25
6 .0  cc 68.5
7 .0  cc 67.5
Fig. 8, Curve 2.
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Table 12.
30 cc 2,5x10**^ vanadyl ch lo r id e  aga inst 2x10"^M 
mono ethano lamina •
V o l. o f  Mono- Current V ol. o f  Mono- Current Za
ethanolamlne (amp. 2 .2x10 ethanolamine (amp.2.2x10 )
0 9 1 .5  12 .0  cc 72.0
2 .0  cc 9 0 .0  14 .0  cc 77*0
4 .0  cc 86 .0  16 .0  cc 76.5
6 .0  cc 31 .0  18 .0  cc
8 .0  cc 78.5
10 .0  cc 7^*0
F ig .  8, Curve 3 .
S p ec troph o to m e tric  s tu d ie s  on vanadyl c h lo r id e  and 
P ie th a n o l amine complex;
Vanadyl ch lo r id e  found to form a greenish yellow  
coloured so lu b le  complex -with fliethanol amine, l i k e  mono- 
ethanolamine complex, th e  colour o f  tlie complex faded on 
long exposure to  atmosphere, hence a l l  th e  absorption  
measurements were made vdth samples covered w ith  a th in  
layer o f  l iq u id  p a ra ff in  on th e ir  su r fa ce s .
Vosburgh and Cooper* s method was again followed  
to determine the number o f  complexes formed. Equimolar 
(IxlO”^ )  so lu t io n s  o f  the reactants  v iss .i  vanadyl chloride  
and diethanolamine were mixed in  the r a t io s  of 2 :8 ,  3:7» 
4 :6 , 5 :5 , 6 :4  and 7:3 r e s p e c t iv e ly  and th e ir  absorbances 
were noted in  the  wave length  range of 400 to 1000 mu.
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Table 13.
Cton cent ra t  ion  o f  vanadyl ch lor id e  r 1x10**^ 
Concentration o f  Diethanolamine -  1x1
Wave 2t 8 5: 7 4: 6 5* 5 6: 4 7: 5
length  (1) (2) (3) (4) (5) (6)
;_________________________________
400
450
500
550
600
625
650
700
725
750
775
800
850
900
950
1000
0.110 0.360 0 .7 7 0 .90 0 .82 0 .70
0.075 . 0 .310 0 .4 4 0.410 0.380 0.355
0.065 0.280 0.295 0.145 0 .10 0.080
0.060 0.245 0 .280 0.105 0.060 0.035
0.065 0.215 0.250 0.120 0.085 0.050
0 .050 0 .20 0.235 0.125 0.095 0.055
0.050 0.190 0.245 0.120 0.095 0.060
0 .060 0.185 0 .210 0.135 0.100 0.080
0.060 0.165 0 .2 0 0.140 0.110 0.080
0 .60 0.190 0.210 0.150 0.110 0.090
0.070 0 .2 0 0.220 0.175 0.120 0 .10
0.075 0.220 0.240 0.190 0.145 0.110
0.070 0.185 0 .2 0 0.155 0.100 0.085
0.070 0.185 0 .20 0.180 0.105 0.065
0.075 0.175 0 .2 0 0.180 0 .1 0 0.055
0.075 0.165 0.210 0.180 0 .10 0.040
F ig .  9 .
Job* s method o f  continuous v a r ia t io n  was aaployed 
for determining th e  composition o f  the complex. Equimolar 
so lu t io n s  o f  the vanadyl ch lo r id e  and dietiianolamine of
_o -3 -3
concentrations 1x10 M| 6.6x10 M and 5x10 were mixed
T. 150 -
according to  th e  method o f  continuous va r ia tio n  and their  
absorbances were measured a t  800 mu. The absorbances o f  
vanadyl ch lor id e  and diethanolamine of the same concentratio] 
were a ls o  meas\ired. The former showed considerble absorbanct 
but in  th e  l a t t e r  case there  was n e g l ig ib le  absorbance.
Table 14.
Set I*
Concentration o f  vanadyl chlori.de z  1 x 1 0 ^  
Concentration o f  Diethanolamine r
Wave length: 800 mu
V ol. o f V ol. o t b \b : ..... V o iV o f V o l. o f O.D. D i f f .  i]
vanadyl Diethanol vanadyl H2O O.D.
ch lor ide amine ch lor ide
1 cc 9 cc 0.070 1 cc 9 cc 0 .030 0.040
2 cc 8 cc 0 .410 2 cc 8 cc 0,050 0.360
3 cc 7 cc 0 .40 3 cc 7 cc 0 .1 0 0 .30
4 cc 6 cc 0.350 4 cc 6 cc 0.110 0.240
5 cc 5 cc 0 .290 5 cc 5 cc 0,115 0.175
6 cc 4 cc 0 .270 6 cc 4 cc 0.150 0.120
7 cc 3 cc 0.235 7 cc 3 cc 0.175 0.065
8 cc 2 cc 0 .210 8 cc 2 cc 0.195 0.015
9. cc 1 cc 0.220 9 cc 1 cc 0.220 .^ s
F ig .  10, Curve ( 1 ) .
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Table 15.
Set I I .
Concentration o f  vanadyl ch lor id e  
Concentration o f  Diethanolamine 
Wave len g th; 800 mu
r 6.6x10"^ M 
z  6 .6x10“ M^
7 o l .  b f
vanadyl
V o l.  o f  
diethanol  
amine
O.D. V o l.  o f  
vanadyl 
ch loride
V ol. o f  
HgO
O.D. D i f f .  in  
O.D.
1 cc 9 cc 0.085 1 cc 9 cc 0.040 0.045
2 cc 8 cc 0 .310 2 cc 8 cc 0.055 0.255
3 cc 7 cc 0.305 3 cc 7 cc 0.065 0.240
4 cc 6 cc 0.235 4 cc 6 cc 0.060 0.175
5 cc 5 cc 0 .20 5 cc 5 cc 0.075 0.125
6 cc 4 cc 0.170 6 cc 4 cc 0.090 0.080
7 cc 3 cc 0.145 7 cc 3 cc 0.110 0.035
8 cc 2 cc 0 .130 8 cc 2 cc 0.115 0.015
9 cc 1 cc 0.130 9 cc 1 cc 0.135
P ig .  10, Curve (2)
Table 16 .
Set I I I .
Concentration o f  Vanadyl ch lor ide  r  5x10*’^ M
Concentration o f  Diethanolamine z  5x10"^M
Wave length: 800 mu
Vol* or V o l.  o f O.D. V o l.  o f V o l.  o f O.D. D i f f .  in
vanadyl d iethanol vanadyl H^ O O.D.
ch lor id e amine chlorid e
1 cc 9 cc 0.045 1 cc 9 cc 0.010 0.035
2 cc 8 cc 0.130 2 cc 8 cc 0.045 0.095
3 cc 7 cc 0.055 3 cc 7 cc 0.010 0.045
4 cc 6 cc 0.050 4 cc 6 cc 0.020 0.030
5 cc 5 cc 0 .060 5 cc 5 cc 0.035 0.025
6 cc 4 cc 0.080 6 cc 4 cc 0.065 0.015
7 cc 3 cc 0.075 7 cc 3 cc 0.065 0.010
8 cc 2 cc 0 .1 0 8 cc 2 cc 0.090 0 .10
9 cc 1 cc 0.110 9 cc 1 cc 0.115
.4
Fig. 10, Curve (3)
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For the s lop e r a t io  method, tv/o s e t s  of experiment were
conducted. In the f i r s t  se t  the concentration  o f  vanadyl
ch lor ide was kept constant and that of diethanolamine was 
in
v a r i e d /  th e  other se t  th e  mixing was done in  the reverse  
ord er,
Set I .
Table 17.
V o l.  o f  2x 1 vanadyl ch lor id e  = 0 ,20  cc 
Strength o f  diethanolamine
Set I I .
V ol. o f  2x 1 diethanolamine 
Strength of vanadyl ch loride
Z 0 ,2  cc 
-  5x10“ M^
The voloume o f  the  so lu tion s  (o f  the se t  I  and II )  
was d i lu te d  to 5 .0  cc before performing absorption  
experiments.
Wave length; 800 mu
? o l .  o f  
Diethanolamine
O.D. V o l.  o f  
. Vanadyl ch loride
O.D.
0 cc 0 cc
0.2  cc 0.020 0 .2  cc -
0 .4  cc 0.0280 0 .4  cc 0.008
0 .5  cc 0.030 0 .5  cc 0.010
0 .6  cc 0.040 0 .6  cc
1 .0  cc 0 .064 1 .0  cc 0.028
1.2 cc 0 .080 1 .3 cc 0.042
1 .5 cc 0.092 1 .5 cc 0.050
2 . 0  cc 0.120 2 . 0  cc 0.070
2 .5  cc 0.150 2 .5  cc 0.090
3 .0  cc 0.180 3 .0  cc 0,11
4 .0  cc 3 .5  cc 0.120
4 .5  cc 4 .0  cc 0.140
4 .5  cc 0,160
Fig. 11, Curve (1) Fig. 11, Curve (2)
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The absorbances of mixtures o f  5 x 10”\  vanadyl 
chlorM e and diethanolsualne (mixed in  the  r a t io  of 1:4) at 
d if f e r e n t  pH's were measured at various wave len g th s  (400 to  
1000 mu)* The data are g iv a i in  th e  fo llow in g  ta b le .
Table 18.
Concentration of Vanadyl Chloride =f 5 x 10” M^
Concentration of Diethanolamine = 5 x 10“
Wave pH » pH a pH - pH = pH = pH = t)H s pH s  pH = pH =
lengtti 4 .0 4 .9 5 .5 6 .6  (S.8 :7.4 }3.3 S).0 10.9 11.4
m.u. (1) (2) (3) (4) 1C5) 1[6) (:?) (8) (9) (10)
400 0.460 0,960 0.740 0.235 0.135 0 .110 0.120 0 .5 6 : 0.215 0.250
450 0.215 0.550 0.440 0.120 0.055 0.045 0.075 0.395 0.165 0.205
500 0.125 0.420 0.325 0.105 0.050 0 .040 0.060 0.325 0.120 0.15
550 0.135 0.395 0.310 0.125 0.045 0.045 0.070 0 .30 0.115 0.135
600 0.165 0./»20 0.340 0.155 0.075 0.065 0.080 0.285 0.095 0.110
650 0.210 0 .440 0.380 0.165 0.090 0.085 0.060 0.205 0.090 0.090
TOO 0.270 0.500 OMO 0.185 0.080 0.080 0.060 0.205 0.090 0.085
750 0.350 0.530 0.445 0.205 0.085 0 .080 0.065 0 .210 0.090 0.080
800 0.325 0.530 0.445 0.300 0.120 0 .10 0.075 0 .230 0 .10  0.120
850 0.340 0.520 0.430 0.250 0.085 0.070 0.070 0 .20 0.085 0 .10
900 0.345 0.520 0.430 0.230 0.090 0 .040 0.070 0.190 0.080 0.095
950 0.355 0.520 0.430 0.220 0.090 0.065 0.070 0.190 0.080 0.090
1000 0.310 0.470 0.395 0 .20 0.075 0.060 0.070 0.190 0.075 0.090
F ig .  12.
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Amperometrlc T itra tio n s:
Amperometric t i t r a t io n s  between vanadyl ch loride  
C in  tile c ^ l )  and diethanolamine were carried  out in  
a s im ila r  manner as in  case  o f  vanadyl- monoethanolamine 
complexes.
D irect
1 • 5*0 cc o f  5 xIO S i  vanadyl ch lor id e  •¥ 10 cc
HgSO  ^ (2x10"‘’m) ♦  2 .0  cc g e la t in  (1x10“^°^) 13 cc HpO
-M
again st  2 xIO diethanolam ine.
2* 10 .0  cc o f  5 xlO S i  Vanadyl chloride ♦  10 cc
HgSO  ^ (2 x10"‘‘m) ± 2 .0  cc g e la t in  (IxlO"'*^) + 8 cc H2O 
■*1
again st 2 xIO ' M diethanolam ine.
3 .  15 .0  cc o f  5 x10“S l  vanadyl ch lor ide t  10 cc HgSO  ^
(2  x10-^M) V 2 ,0  cc g e la tjh  (1xl0~^:^) 4 3 cc HgO against  
2 xIO M diethanolam ine.
Table 19.
30 cc o f 8.3x1 O^M Vanadyl chloride against 2 x10” M^ 
dietii anol amine.
Voltage a p p l ie d :-  1 .0  V o lt .
V ol. o f  Current V ol. o f  Diethanol Current
Diethanolamine (amp. 2 .2  xlO amine ( amp. ,i iU U p .  Q
2.2x10
1:8
3 .0  cc
4 .0  cc
5 .0  cc
6 .0  cc 
7*0 cc
§ : 8  g s  M
00 10 .0  00 31 .5
Fig. 13, Curve (1)
0-\\M »vt. Ocxiii&.ci
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Table 2 0 .
30 cc , 1*66 xIO S i  vanadyl ch lor id e  a ga in st  2 xIO^ ^^ M 
diethanolam ine•
Voltage a p p lie d :-  1 ,0  V o lt ,
V o l.  o f
Diethanol-
amlne
"Current Za V o l. o f  Current 
(amp. 2 .2x10 ) D iethanol- Camp. 2 .2x10“°)
___________________ amine________________  ____
0 cc 76.5 10 .0  cc 48.5
2 .0  cc 70.0 12 .0  cc 46.5
4 .0  cc 64 .0 13 .0  cc 46.5
5*0 cc 6 0 .0 14 .0  cc 46 .0
6 .0  cc 58 .0 16 .0  cc ^ . 5
8 .0  cc 52.5 18 .0  cc 41 .0
9 .0  cc 50.0
F ig .  13, Curve ( 2 ) .
Table 21 ,
30 cc 2 .5  xIO S i  vanadyl d ilo r id e  a g a in st  2x10 M 
di e t  hano Isunin e .
Voltage a p p lie d :-  1 .0  V o lt .
V o l.  o f  
Diethanol­
amine
Current .q  V ol. o f  
(amp. 2 .2x10 D iethanol­
amine
Current .q  
Camp. 2 .2 x 1 0 ^ )
0 cc 86.5 14 .0 52.5
2 .0  cc 80 .0 15 .0 50.5
4 .0  cc 75 .0 16.0 51.0
5 .0  cc 70.5 17 .0 48 .0
6 .0  cc 70.0 18 .0 48.5
8 .0  cc 64 .0 2 0 .0 45.5
10 .0  cc 59.5
12 .0  cc 53.5
Fig . 13, Curve ( 3 ) .
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Spectro-photometrlc s tu d ie s  on Vanadyl ch loride and 
Trl-ethanelamlne complext
A greenish  yellow  coloured complex was formed 
by the in te r a c t io n  o f  vanadyl ch lor ide  and triethanolamine ♦  
The colour o f  th e  complex faded on long exposure to a ir ,  
however, on keeping a th in  layer  o f  l iq u id  p ara ffin  on i t s  
surface i t  remained stab le  tac many d ays. Hence a l l  the 
absorption .measurement s were carried  under the conditions  
described  in  case  o f  mono-and di-ethanolamine complexes*
Spectrophotometric s tu d ie s  on Vanadvl~Triethanolamine 
complex;
Vosburgh and Cooper’ s method was applied  to know 
the number o f  complexes formed in  the s o lu t io n .  Equimolar 
so lu t io n s  o f  vanadyl ch lor id e  and triethanolam ine o f  
concentration  1 x I O ^  were mixed r e s p e c t iv e ly  in  the  
r a t io  o f  2 ;8 ,  3s?» ^*6, 5 :5 , 6 :4  and 7:3 and th e ir  O.D. 
were measured in  th e  wave length  range o f  400 to  1000 mu.
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Table 22,
Conc®itratlon o f  Vanadyl ch lor id e  s i x  1 0 ~ ^  
Concentration of triethanolam ine -  1 x 10"^M
Wave 2 : 8 3 t 7 4 : 6 5 : 5 6 : 4 7 : 3
length
mu (1) (2) (3) (4) (5) (6)
400 0.065 0.440 0.640 0 .8 4 0.63 0.72
450 0,035 0,390 0.350 0.375 0.245 0.05
500 0,060 0.385 0.255 0.105 0.260 0.055
550 0,055 0,330 0.245 0.065 0.270 0.030
600 0,055 0.240 0.255 0.085 0.290 0.025
650 0,060 0.2^0 0.250 0.095 0 .30 0.045
700 0.070 0.240 0,265 0.120 0.320 0.055
750 0.080 0.210 0.280 0.130 0.340 0.075
800 0 .10 0.250 0 .30 0.140 0,350 0.085
850 0.080 0.190 0.260 0.115 0.320 0.065
900 0.070 0.175 0.210 0.115 0.320 0.075
0.046950 0.050 0.170 0 .20 0.110 0.320
1000 0.040 0,175 0.180 0 .10 0.320 0.045
F ig ,  22.
The composition of th e  vanadyl triethanolam ine complex 
was determined by Job 's  method, Equimolar so lu tion s  o f  the 
rea cta n ts  v i z , ,  vanadyl ch lor id e  and triethanolam ine of 
concn itrations 2 x 1 .33 x 10"^M and 1 x 10“% were
mixed according to  the method o f  continuous v a r ia t io n s  and 
th e ir  O.D. were measured a t  800 mu. The absorbances o f  
t r i  ethanol amine and vanadyl ch lor ide  o f  the same conceit ration s  
were a lso  measured. T riethanol amine showed n e g l ig ib le  
absorption a t  t h i s  wave le n g th , but vanadyl ch lor ide had 
considerable absorption , VO /^VO * *t T,A. was p lo tte d  
a ga in st  d i f f  in  o p t ic a l  d e n s i t i e s .
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Table 23 .
Ctoncentration o f  vanadyl ch loride p 2 x 
Concentration o f  Tri ethanol amine a 2 x  10”^  
Wave length  i 800 mu
¥ o l .  o f V ol. o f V ol. o f Vol,. of D i f f .¥6012 Tri ethanol O.D. 
amine
V0CI2 HgO 0.D,. in  O.D,
1 cc 9 cc 0.125 1 cc 9 cc 0 ,080 0.0452 CO 8 cc 0,480 2 cc 8 cc 0.140 0.340
3 cc 7 cc 0.710 3 cc 7 cc 0 .120 0.5904 cc 6 cc 0.970 4 cc 6 cc 0 .170 0.80
5 cc 5 cc 0.82 5 cc 5 cc 0.215 0.605
6 cc 4 cc 6 cc 4 cc 0.270 0.370
7 cc 3 cc 0.490 7 cc 3 cc 0 .310 0.110
8 cc 2 cc 0.410 8 cc 2 cc 0.350 0,060
9 cc 1 cc 0.370 9 cc 1 cc 0.410 0.040
F ig .  2 3 , Curve 1 .
Table 24 .
Concentration of Vanadyl ch lor ide 1 <,33 X 10“^4
Concentration of t r i  ethanol amine = 1.,33 X 10“^
Wave length t 800 mu
V ol. o f Vol. of V ol. of V ol. o f D i f f .
V0CI2 Triethanol O.D. 
amine
V0CI2 HgO O.D. in  O.D.
1 cc 9 cc 0.110 1 cc 9 cc 0.020 0.090
2 cc 8 cc 0.260 2 cc 8 cc 0.060 0.20
3 cc 7 cc 0.385 3 cc 7 cc 0.085 0.30
4 cc 6 cc 0.515 4 cc 6 cc 0 .110 0.405
5 cc 5 cc 0.440 5 cc 5 cc 0.140 0.30
✓
6 cc 4 cc 0.325 6 cc 4 cc 0.175 0.150
7 cc 3 cc 0.270 7 cc 3 cc 0.210 0.0601
ft 2 cc 0.255 8 cc 2 cc 0.235 0.0200
9
w w
cc 1 cc 0.260 9 cc 1 cc 0.265
Fig, 23, Gvarve 2.
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Table 25 .
Concentration of Vanadyl c h lo i id e  *» 1 x  10 ^4 
Concentration of Tri ethanol amine s i x  10“^ M 
Wave length  t 800 mu
V ol. o f  V ol. o f VoTTof V ol. o f
V0CI9 Triethanol O.D. VoClo HpO O.D.
amine
D if f .  
in  O.D.
1 cc 9 cc 0.095 1 cc 9 cc 0.015 0.080
2 cc 8 cc 0.160 2 cc 8 cc 0.040 0.120
3 cc 7 cc 0.255 3 cc 7 cc 0.055 0 .20
4 cc 6 cc 0.375 4 cc 6 cc 0.080 0.295
5 cc 5 cc 0.240 5 cc 5 cc 0.110 0.130
6 cc 4 cc 0.150 6 cc 4 cc 0.130 0.020
7 cc cc 0.175 7 cc 3 cc 0.155 0.020
8 cc 2 cc 0.185 8 cc 2 cc 0.175 0.010
9 cc 1 cc 0.190 9 cc 1 cc 0.195 T-
Fig 23, CiJTve 3*
The composition o f  the complex was also determined 
by the slope r a t io  method.
Table 2 6 .
Set I .
V o l. o f  2 X 10“%^  V0CI2 = 0 .2  cc 
Strength of Trietiianolamine ;  5 x 10“^ M
Set I I .
V ol. o f  2 X lO’ M^ Triethanolamine z. 0 .2  cc  
Strength o f  V0GI2 s 5 X 10“^M
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A ll tiie so lu t io n s  of the Set I  and I I  were d ilu te d
to  5#0 cc before O.D, measurements.
V/ave length : 800 mu
Set I . Set I I .
V o l.  of  
Triethanol  
amine added
O.D.
V ol. of  
V0CI2 added O.D.
0 .4  cc 0 .0 4 0 .2  cc 0.020
0 ,6  cc 0.045 0 ,5  cc 0.028
1 .0  cc 0.050 0 .8  cc 0.055
1 *5 cc 0.058 1 ,0  cc 0.050
2 ,0  cc 0.065 1 ,5 cc 0,090
2 .5  cc 0.090 2 ,0  cc 0,120
3 .0  cc 0.080 2 ,5  cc 0,150
3 .5  cc 0.088
4 .0  cc 0.096
4 .5  cc 0 .104
F ig .  24, Curve 1 F ig .  24, Curve 2 .
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The e f f e c t  o f  pH on the absorption o f  the complex was 
stud ied  q u a n t i ta t iv e ly .  S o lu tion s  o f  vanadyl ch loride and 
triethanolam ine o f  concentration  1x10 S i  were mixed in  tiie 
r a t io  o f  2:3 r e s p e c t iv e ly  and th e ir  absorbances were measured 
in  the pH range 4 to  14 and wave length  range 400 to  1000 mu.
Table 2? .
Concentration of vanadyl ch lor id e  r 1 xIO^Sl 
Concentration o f  triethanolam ine = 1 xIO S i
Wave pH = pH = pH = pH = pH - pH = pH r pH
length 4 ,0 4 .9 6 .6 6 .9 8.3 9 .0 10.9 11 .4
mu.. CD (2). (3) (4) (5) (6) (7) (8) ___
400 0.225 0.73 0.45 0.270 0 .20 0 .75 0.53 0.85
450 0 .10 0.450 0.270 0 .180 0.085 0 .42 0.320 0.75
500 0.085 0.395 0.235 0 .130 0.060 0.280 0.180 0.65
550 0.125 0.395 0.265 0.150 0.075 0.205 0.170 0.575
600 0.170 0.430 0.305 0.190 0.095 0.160 0.050 0.510
625 0.190 0.395 0 .30 0.205 0 .10 0 .130 0.055 0.430
650 0 .20 0.410 0.305 0.250 0.105 0.130 O.O6O 0.470
700 0.240 0 .40 0.295 0 .260 0.110 0.125 0.085 0.460
725 0.255 0 .4 0 0.305 0.270 0.130 0.130 0.090 0.450
750 0.265 0.410 0.295 0.280 0 .130 0.130 0.095 0.480
800 0.275 0.425 0.305 0.300 0.135 0.150 0.085 0.490
850 0.280 0.440 0 .340 0.320 0.140 0.175 0.120 0.540
875 0.285 0.430 0.260 0 .310 0.135 0.160 0.110 0.530
900 0.270 0.420 0.255 0.290 0.120 0.145 0 .10 0.52
1000 0 .20 0 .40 0.210 0.270 0.085 0.110 0.070 0.48
P ig .  2 5 .
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The formation constant of the vanadyl-Trlethanolamine 
complex was determined according to the me-ttiod of Tanaka 
and Takamura (Vide page 123 Chapter I I I ) ,
O ptica l d en s ity  measurements for VO"^  ^ triethanolamine  
mixtures made by varying the concentration  of VO^   ^ and
-3
triethanolam ine upto 2 ,5  x10 M in  presence o f  higher  
concentration  o f  VO"^   ^ and triethanolam ine (8x10 ^M) respective  
l y  showed th a t  Beer’ s law i s  obyed under th ese  cond itions .  
Another s e t  o f  experiments was carried out by varying the 
concentration o f  70^  ^ from 5 x I O ^  to 3 .5  xiO in  presence  
o f  low concentration o f  triethanolam ine (8x10 Si) (Fig* 24. 
Curve 2 ) •  The r e s u l t s  are given in  tab le  28 and the values 
o f  are p lo t te d  aga in st  the concentration o f  VO  ^  ^ in
F ig .  6 b .
Table 2 8 ,
Conct. o f  
VO"^  ‘' x 1 0 " \
D observed ab/j^x10"^
(a)
0 ,5  cc ' 0 .028 1.43
0 ,8  cc 0,055 1 ,16
1 ,0  cc 0.050 1 .60
1 .5  cc 0.090 1,33
2 ,0  cc 0,120 1,33
2 ,5  cc 0,150 1,33
3 .0  cc 0.230 1,08
Fig, 6 b.
- 163 -
Amperometrlc T itr a t io n s;  Amperometrlc t i t r a t i o n s  between 
t r le th a n o l ln e  amine and vanadyl ch ldrlde (In  th e  c e l l )  were 
carried  out In e x a c t ly  the same manner as In case  of mono- 
and d l  ethanol amine complexes. Following s e ts  of experiments 
were planned.
Set I .
5 cc VO^   ^ o f  concentration  5 x 1 t  10 cc B^S04  
(2 x10“^M) t  2 cc g e la t in e  f  13 cc H2O aga in st  1 x10“ M^ 
triethanolam lne (1x10“^^^)
Set I I .
10 cc VO^  ^of concentration  5 x1o S l  t  10 cc H2S0jj^
2 cc (1x10”^^) -V 8 cc H2O against 1 xIO'^M triethanolam lne.
Set I I I .
5 cc VO^  o f  concentration  5 x10 S i   ^ 10 cc H2S0^
(2 x10“^M) t  2 cc g e la t in  i  13 cc H2O again st 8 .3x10“ M^ 
tr ie th anolam lne .
D ire c t  t i t r a t io n s ;  Vanadyl c h lo r id e  in  th e  c e l l .
e— ©
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Table 3 1 .
Set I I I .
30 cc 8*3 x10"-^M vanadyl ch lo r id e  aga in st  
8*3 x10"Sl triethanolam ine*
ToT. o f
t r ie th a n o l -
amine
Current 2*2x10”4 
amp.
V o l.  o f  
t r ie th a n o l ­
amine
C'urrent
2 .2x10“^
amp.
1 .0  cc 34 .5 7*0 cc 27 .5
2*0 cc 33 .5 8 .0  cc 27 .0
4*0 cc 3 0 .0 9 .0  cc 26.25
5*0 cc 2 9 .0 10 .0 26 .5
6 .0  cc 2 8 .0
F ig .  26 , Curve (1)
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D I S C U S S I O N
Prelim inary experiments with a l l  the -ttiree amines 
gave the follow ing information regarding the complexes.
( i )  The rea c t io n  was p o ss ib le  only  in  concentrated  
so lu t io n s  (2 xIO S i  to  5 In  more concentrated
so lu t io n s  a tu r b id ity  was found to se t  in#
( l i )  The colour of the complexes faded on long 
exposure to  a i r .  Hoviever, on keeping a layer  of l iq u id  
p araffin  on th e ir  su rfa ces ,  th e  colour o f  the so lu t io n  
remained as such for sev era l days.
( i l l )  The complexes c r y s t a l l i s e d  in  w e ll  defined black  
products th ese  were extremely hygroscopic in  nature but 
were found to  be qu ite  s t a b le .
Vanadyl c h lo r id e -  Monoethanolamine complex;
The spectrophotometric stud ies  gave the fo llow ing  
information regarding the ccmposition of the complex.
(1) Vosburgh and Cooper* s method fo llow ed  to determine 
the number o f  complexes formed showed the ex is ten ce  of only  
one complex, whose maxima l i e s  a t  650 mu (Table 2 ,  P ig .  1 ) .
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( l i )  Job»s method o f  continuous v a r ia t io n  applied for 
determining the composition of the complex gave in d ica t io n  
for a 2:3 vanadyl and monoethanolamine complex.
The r e s u l t s  are tabu lated  below.
Table 3 2 .
F ig .  No. Curve No. Concentration
o f  and
monoethanol­
amine
Wave Composition of
len gth  the complex
VO mono­
ethanolamine .
3
3
3
(1)
(2)
(3)
- 2.2 xIO ’"M
1 xio’ M 
5 x10”^M
650
650
650
2: 3 
2: 3 
2: 3
C i i l )  The r e s u l t s  obtained by the method of continuous 
v a r ia tio n  were furthur confirmed by the slope ra t io  method 
the r a t io  obtained from the slopes over the s t .  l in e  portion  
o f  the curves ( F ig .  4 , Curve (1) and ( 2 ) .  Table 6) was found 
to  be 2: 3 for vanadyl ch lo r id e  and monoethanolamine.
( iv )  The e f f e c t  o f  pH ( 4 .0  to  11*4) on the absorption  
o f  th e  complex studied  q u a n t i ta t iv e ly ,  showd th a t  a max 
was in d ica ted  a t  650 mu in  the  pH range 6 .6  to  11 .4 , no 
maxima was r e a l i s e d  a t  pH below 6 .6  ( F ig .  5 .  Table 7 ) •  This 
in d ic a te s  th at  the complex was stable  in  the pH range 6 .6  to
11 .4 .
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Cv) The value of the formation constant for the 
vanadyl-mono ethanolamlne ojmplex was fouiid out by tiie 
method o f  Tanaka and Takamura. On p lo t t in g  ab/^ against
a , a s tr a ig h t  l i n e  was obtained (Pig* 6a, Table 8) having
a slope o f  1*25 xIO the value of E and 1_ obtained
-2 **5 ^
were 2 ,4  x10 and 6*1 xIO r e s p e c t iv e ly ,  hence the
value o f  formation constant K was estim ated to be 6 .8  x 1 0 ^ .
The amperometric t i t r a t io n s  gave the fo llow in g  information
regarding the composition o f  the complex*
The complex was found to be non reducible at the 
dropping mercury e le c tr o d e ,  hence polarography o f  tiie 
complex could not be carried  out* However, amperometry 
was found to  be qu ite  s u ita b le  for In vest iga t in g  the 
composition of the complex . Polarogram o f  vanadyl chloride  
(4  xlO“Sl) in  sulphuric acid (8  x io '^ l )  (Pig* 7* Table 9) 
gave a value o f  -  1 *0 v o l t  to be applied  for tiie amperometrl 
stud ies*
The r e s u l t s  obtained by the amperometric t i t r a t io n s  
o f  vanadyl ch lo r id e  ( in  the c e l l )  aga in st  monoethanolamine 
are summarised in  the fo l lo w in g  ta b le *
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Table 3 3 .
F ig .  No. Curve No. V o l. o f  V o l.  o f  mono- Ratio from the point 
vanadyl ethanolamine o f  in f le x io n  VO 
ch lor id e  monoethanolamine
6 ( 1) 5 .OccC5.0x10”%0 2 . 8cc(2 .0x10"^M) 1: 2 .20
6 ( 2 ) 10 . OccC 5 . 0x10“^M) 5 .1 cc( 2 .0x1 o“S l) 1 :2 .04
6 (3) 15 .OccC 5.0x10“^ )  8 .4cc(2  ,0x1 o“\ ) 1: 2 .20
The amperometrlc t i t r a t io n s  carried  out between mono-
ethanolamine ( in  the c e l l )  and vanadyl ch loride as t i t r a n t  
not
di(v prove s u c c e s s fu l l  and no s ig n if ic a n t  in f le x io n s  point  
was observed in  th e se  cases*
On th e  b a s is  o f  amperometric s tu d ie s ,  the formula 
o f  the complex may be w ritten  as
C2H4OH -  70^ HO C2H4 
Yanadvl ch lo r id e-  Diethanolamine complex;
Spectrophotometric stud ies  provide the fo llow ing  
information regarding the composition of the complex,
( i )  Vosburgh and Cooper’ s method fo llo \/ed  to  determiE 
the number o f  complexes formed by the in te r a c t io n  of 
diethanolamine and vanadyl ch loride show that a l l  the
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mlxures gave a maximum at 800 mu, in d ica t in g  thereby the 
formation of on ly  one complex (Table 13, Fig» 9)*
( i i )  On p lo t t in g  the o p t ic a l  d e n s i t ie s  of the 
so lu t io n s  (prepared according to the method o f  continuous 
v ar ia tion )  aga inst the r a t io  VO^  “ a combining ra t io
VO^  i  D.B
o f  1i 4 for VO^   ^ to  diethanolamine was obtained . The 
r e s u l t s  o f Job’ s method are summarised as  fo llow s#
Table 3 4 .
F ig .  No. Ciurve No. Cone, o f  
and d ieth an o l­
amine
Wave len gth Composition of. . 
the complex VO 
die th anolamine
10 (1) 1 xiO 800 mu 1; 4
10 (2) 6 .6  XIO'^M 800 mu 1: 4
10 (3) 5 x10“ M^ 800 mu 1: 4
( i i i )  In order to confirm tfcie r e s u l t s  obtained by the 
Job»s method, the s lop e  r a t io  method was a lso  conducted*
From th e  s lo p e s ,  deteimined from the s tra igh t  l in e  portion  
o f  th e  curves (P ig .  11. Table 17) a r a t io  o f  2:3 for VO^   ^
to  diethanolamine was ob ta in ed .
From the above r e s u l t s  i t  may be concluded that no 
con clusive  information was obtained by the spectrophotometri( 
methods regarding the composition of the complex.
- 1 7 1 -
( iv )  Absorption experiments carried  out a t  d if fe r e n t  pH» s
( 4 .0  to  11 .4) and varying wave len g th s  (400 to 1000 mu) 
shovfed the ex is te n c e  of a maxima a t  800 mu in  the pH range 
6 .6  to 1 1 .4 , in d ica t in g  the.reby the s t a b i l i t y  of the complex 
in  t h i s  pH range (F ig .  12, Table 1 8 ) .
Amperometric t i t r a t i o n s  carried  out between di ethanol 
amine and vanadyl ch lor ide ( in  the c e l l )  at -  1 .07  gave the 
information o f  1:3 for VO ■ to  d i  ethanol amine complex. The 
r e s u l t s  are tabu lated  as  fo llow s:
Table 35 .
F ig ,  No. Curve No. V ol. o f Vanadyl V ol. of d i  ethanol Ratio
ch lor ide amine the
informatii 
point 
VO^  ^ : 
di ethanol 
amine
13 (1) 5 .0  cc (5  X 10“^ )  3 .7  cc (2  x lO’ ^M) 1 : 3
13 (2) 10 .0  cc (5 X 10"Sl) 8 .8  cc (2  x 10"^M) 1 : 3
13 (3) 15 .0  cc (5 X 10"^M)12.0 cc (2 x 1o”^M) 1 : 3
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On the la  s i s  o f  the information obtained by the  
amperometric s tu d ie s ,  the fo llow in g  structure may be assigned  
to  the complex•
Vanadyl Chloride Tri ethanol amine Complex.
The spa ctropho tome t r i e  carried  out to in v e s t ig a te  tiie 
composition of the complex, gave ttie fo l lo w in g  inform ation.
( i )  The absorption spectra  o f  equimolar s o lu t io n s  vanadyl 
ch lor id e  and t r i  ethanol amine, mixed in  the r a t io  of 
2 : 8, 3 ; 7, 4 :6 , 5 :5 , 6 :4  and 7:3 r e sp e c t iv e ly  
stud ied  in  the range o f  400 -  1000 mu in d ica te  a s in g le  
maxima a t  800 mu in d ica t in g  thereby the ex is ten ce  of 
only  one complex (Table 22, F ig .  2 2 ) ,
( i i )  Job»s method of continuous v a r ia tio n  applied  for  
e lu c id a tin g  the composition of the complex gave 
in d ica t io n  for a 2:3  complex. The r e s u l t s  are
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summarised in  ttie fo llow in g  ta b le :
Table 36
F ig ,  No. Curve No. Cone, o f VO and Wave length Composition of
t r i  ethanol amine complex VO :
t r i  ethanol amin
23 (1) 2 .0  2 10“Sc 800 mu 2 : 3
23 (2) 1.33 X 10”S l  
-2
800 mu 2 : 3
23 (3) 1 X 10 M 800 mu 2 : 3
( i i i )  The r e s u l t s  obtained by the Job’ s method were further  
confirmed by the s lop e ra t io  method. The r a t io  o f  the slopes  
determined from the s tr a ig h t  l in e  portion of the curves
(Table 26, F ig , 24) provided information for a 2 : 3 complex
(VO-^: t r i  ethanol amine).
The absorption o f  liie so lu t io n s  (obtained by mixing 
the equimolar so lu t io n s  o f  tiie re a c ta n ts  in  the r a t io  o f  
2 ; 3) measured in  the pH range 4 to  1 1 .6 , showed the s in g le  
absorption peak a t  850 mu in  th e  pH range of 5 ,5  to 11 .6 ,
in d ica t in g  thereby the e x is te n c e  o f  a complex in  th is  pH range
(F ig .  2 5 ) .
The formation constant was ca lcu la ted  in  the s im ilar  
manner as in  case o f  d i  ethanol amine. The r e c t i l in e a r  curve
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obtained  by p lo t t in g  ab/jj a ga in st  a , gave value o f  slope as 
*21*25 X 10 and that of molar e x t in c t io n  c o e f f ic ie n t  
•“22 .4  X 10 • The value of formation constant K worked out
thereby to  be 2 .9 4  x  10^ (F ig .  6b, Table 2 8 ) .
The amperometric t i t r a t io n s  carried  out between vanadyl 
ch lor id e  ( in  the c e l l )  and t r i  ethanol amine in d ica te  the 
formation of 1: 2 complex. The r e s u l t s  are summarised in  
the fo llow in g  ta b le :
Table 3 7 .
5^g*No. Curve No. Vol. o f vanadyl V ol. o f  t r i
ch lor id e  ethanol amine
Ratio from the  
point of 
in f le x io n  VO •: 
t r i  ethanol ami
16
16
>6
(1)
(2)
(3)
5 .0  cc (5  X 10"2m) 5 .0  cc (8 .3  x 10“^ )
5 .0  cc (5  X 10■S^) 
1 0 .0  cc (5  X 10“S l)
7 .0  c c (7 .5  X 10”^M) 
10 .0  cc( 1 X 10“^M)
1 : 2 . 0  
1 : 2.1 
1 : 2 .04
On th e  b asis  o f  amperometric s tu d ie s  the s tru ctu ra l formula 
Df th e  ccmplex may be w r it ten  as
- 175 -
The most s t r ik in g  fe a tu re  o f the vanady l -  E th a n o l- 
aiaines re a c t io n ^ is  th a t  the  d i f f e r e n t  spe c troph o tom e tric  
s tu d ie s  g ive  such r a t io s  v ^ ic h  do n o t le ad  to p re c ise  
knowledge about the com position  o f  the complexes form ed.
On th e  o th e r hand, th e  am perom etric s tu d ie s  had been able 
to  g ive  t i le  d e s ire d  in fo rm a t io n .  The d iscrepancy in  the 
r e s u lts  o f  the  tw o methods m ig h t be a t t r ib u te d  to tvro 
fa c to rs  ( i )  I n s t a b i l i t y  o f  th e  complexes under o rd in a ry  
atmmspheric c o n d itio n s  and ( i i )  the presence o f c o l lo id a l 
p r e c ip ita te s .  W ith  these l im i ta t io n s ,  the spectro  photom etric 
method is  l ia b le  to  g ive  le s s  r e l ia b le  r e s u l t s .  In  the 
am perom etric t i t r a t io n s  th e se  d i f f i c u l t i e s  cou ld  e a s ily  
be overcome, p a r t ic u la r ly  th e  fo rm e r one s ince  a l l  
measurements were c a r r ie d  out in  an atmosphere o f n itro g e n .
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C H A P T E R  Y.
In te ra c t io n  o f  CrCii and i i i )  with  
Hydrazine,
INTERACTION OF C r ( i i  and i i i )  WITH HYDRAZINE
Hydrazine enters in to  complex formation with a number
of metal io n s .  However, the number o f  complexes are lim ited
because o f  the  h igh ly  reducing a c t io n  o f  hydrazine,^
Generally i t  does not form sta b le  complexes with noble metals
2
or with metals in  th e ir  higher ox idation  s t a t e s ,  Audrieth 
made a system atic  study o f  the  hydrazine complexes .According 
to  him, in  most cases  th e  hydrazine molecule coordinates to  
the metal ion through n i t r o g s i  and the number of coordinating  
m olecules i s  h a lf  the coordination number u su a lly  assigned  
to  a metal io n ,  A large  number o f  metals including those  
of t r a n s i t io n a l  s e r ie s  in te r a c t  with hydrazine forming
complexes. Worthmentioning are the complexes o f  P t ( i i ) ,
3 A -  5 6 7  8 9 1 0
P t ( iv )  , Ni , T l ( i i i )  , Zn , B\x, C u(ii)  , Ag , Hg and
C r ( i i ) ^ \  These complexes may be divided into two ca tagor ies ,
( i )  Simple add ition  compounds e . g .  AgCl.NgHj^, HgCl2 .N2Hj^  e t c .  
and ( i i )  coordination or ch ela te  complexes e*g« complex o f
Yurt
P t ,  N i,  Or, Cu e t c .  In most cases there is^enough of
hydrazine to f i l l  th e  coordination sphere, hence i t  has beai
suggested th at i t  a c ts  as a b id en ta te ,  forming a three
12
membered r in g , Ckjremykin sho\(red th a t  in  platinum complexes
hydrazine acted  as a monodentate donor. Further evidence
was obtained by the work o f  Robertus, L a c tin e i and Bailar^^
14
and Schwarzenbach and Zobist • On the b asis  o f  polarographic
- 178 -
stud ies , showed the  formation o f  t itra h y d ra z in a te  of zinc  
in  s o lu t io n  where tiie metal coordinates to  four hydrazine 
molecules with on ly  small d if fe r e n c e  between th e  d isso c ia tio n  
constants. 3 chwarzenbach^^ showed th a t  4 hydrazine molecules  
are bound to  Zn ( i i )  ion and s ix  to Ni ( i i )  io n , comparable 
to  the binding of ammonia to th e se  m eta ls .  From the ex is t in g  
evidences a v a ila b le  the  presence of th ree  membered ring  is  
rather doubtfu l.
Of th e  la rg e  number o f  m eta l hyd raz ine  complexes
quoted in  th e  l i t e r a t u r e ,  those o f Cr ( i i )  have not been
f u l l y  in v e s t ig a te d .  Traube and Passerge^^ on th e  basis o f
th e  r e s u lts  on chem ical a n a ly s is ^h y d ra z in a te  o f  chromous
11
c h lo r id e .  A s im ila r  approach was made by H e in  and Bahr 
who re p o rte d  th e  e x is te n ce  o f CrCl2 * 3 fo r  th e  p roduct
o b ta in e d  by th e  in te r a c t io n  o f chromous io d id e  and h yd ra z in e . 
The s tu d ie s  have however remained in -co m p le te  and needed the 
support o f  p h y s ic a l methods p a r t ic u la r ly  because chromous 
s o lu t io n  in v a r ia b ly  con ta ined  Cr ( i i i )  w hich a lso reaped w ith  
h y d ra z in e . Under the c ircum stances, c o rre c t in fo rm a tio n  
about th e  com pos ition  o f the complex could no t be a r r iv e d  a t  b 
m ere ly  em ploying the method o f  chem ical a n a ly s is .
The p re se n t chap te r dea ls  w ith  the  e le c tro m e tr ic
(p o te n t io m e tr ic  and am perom etric) s t id ie s  on the com position  
o f  Cr ( i i )  and ( i i i )  hyd raz ine  complexes.
I
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E X P E R I M E N T A L
Preparation o f  Chromous Chloride s o lu t io n :
The method recommended by Bathis and Bailer^^ was 
follow ed with s l i g h t  m odifications . The so lu t io n  of chromous 
ch lor ide was obtained by the zinc-.-HCl re u c tio n  o f  chromic 
choride.
About 80 gm o f  A.R, granulated Zinc were mixed \*Ath 
100 cc o f  50^ 0 so lu t io n  of chromic ch lor ide (Anala R) and 
trea ted  w ith  125 cc o f  pure d i s t i l l e d  HCl in  small q u an tit ie s .  
The chromous ch lor id e  thus obtained was converted to chromous 
a ce ta te  by adding 200 cc of 15% sodium a ce ta te  maintaining  
an in e r t  atmosphere of 002* The red p r e c ip i ta te  of chromous 
a ce ta te  thus formed was kept immersed in  free z in g  mixture and 
washed with i c e  coti€aair fr e e  d i s t i l l e d  water for severa l  
times t i l l  th e  f i l t e r  ate no more gave the t e s t  for z in c .  The 
chromous a c e ta te  was converted to diromous ch lor ide by 
d isso lv in g  the former in  minimum quantity of i c e  cooled  
1 .ON HCl, The ac id ic  chromous ch lor ide g so lu t io n  thus  
obtained was tr e a te d  v/ith a slow and continuous stream of 
p u r if ie d  HCl gas in  an in e r t  atmosphere of n itro g en . After  
2-3 hours, blue cry sta ls  o f chromous ch lor id e  were appeared, 
th ese  c r y s ta ls  were washed several t im es  w ith  air free  ic e  
cooled d i s t i l l e d  w ater. And, f i n a l l y  th ese  cr y sta ls  were
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d isso lv ed  in  about 200 cc o f  a ir  f r e e  con d u ctiv ity  water
giv ing thereby a n eu tra l so lu t io n  of chromous ch lor id e . I t
17
was stored in  a stone* s b o tt le  and remained stable  for 
severa l months*
18The method o f  Z in tl  and Rienacker for the determination 
o f  the strength  o f  chromous ch lor ide using copper sulphate or 
potassium dichromate was rep laced  by a more quick and accurate 
method. The method depends on the o x id a tio n  of diromous chlor­
ide by potassium permanganate and t i t r a t i n g  the excess of the 
la t t e r  aga in st  ferrous ammonium sulphate potentiom etridally*
An approximate M so lu t io n  of chromic ch loride was 
prepared by d is s o lv in g  26*65 gm of A.H. product in  100 cc of  
double d i s t i l l e d  water*
The so lu t io n  was standardized by converting i t  into  
chromate with the help o f  sodium per oxide and then removing 
the excess o f  the l a t t e r  by b o il in g  the chromate so lu t io n  with 
l i t t l e  KHSO/^  u n t i l  the so lu t io n  changes i t s e l f  in to  permentant 
yellow* The chromate so lu t io n  (converted in to  deep yellow by 
adding sulphuric a c id  in  l i t t l e  quantity) was then t i t r a te d  
iod o m etr ica lly  a g a in s t  standard th io  sulphate so lution* From 
the strength  o f  chromate so lu t io n ,  the amount o f  CrCl  ^ may 
e a s i ly  be estimated*
Hydrazine hydrate (B*D.H) was used during the experiments 
An approximately (M) s o lu t io n  of the reagent was prepared by 
adding 50 cc o f  hydrazine hydrate (d e n s ity -1 .0^) in  one l i t r e
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o f  a ir  free  d i s t i l l e d  w ater.
For standardization  o f  hydrazine hydrate, the method
19
recommended by Dernbach and Mehling  ^ was anployed with few 
m odifications •
To a known volume o f  hydrazine hydrate, an excess of 
potassium ferr icy a n id e  was added follow ed by the ad d it ion  of 
sodium hydroxide t o  make the so lu t io n  a lk a l in e . The r e su lt in g  
so lu t io n  was shakai thoroughly for  f i v e  minutes and allowed  
to  stand for ten  minutes the r e a c t io n  p ioceeds as fo l lo w s .
N2H4 i  4 K3  FeCy^------^4 FeCy^ + 4 HgO N2^4 KOH
To the  so lu t io n  was then added HCl to make i t  just ac id ic  and 
then jECE and l i t t l e  Zn SO^. The small amount o f  the la t t e r  
was added to check th e  r e v e r s ib le  r e a c t io n ,
2 K3  PeC y^ V 2KI 2K^ FeCy^ -
aK^FeCy^ + 3 Zn Zn3 (FeCy^) -  3K2SO4
The excess  o f  ferr icy a n id e  was then t i t r a t e d  against
sodium th lo  sulphate so lu t io n  comparable r e s u l t s  were obtained
when hydrazine hydrate so lu t io n  was estim ated  by the in d ir e c t
20io d a te  method.
Chromous ch lor id e  -  Hydrazine oom'plex;
The composition o f  chromous chlorlde-hydrazlne complex 
was in v e s t ig a te d  by applying amperometric and potentlometric  
method s •
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Amperometrie S tu d ie s ;
S tandard s o lu t io n s  o f chromous c h lo r id e  and hydrazine 
hydra te  were prepared as de scrib ed  e a r l ie r .  A 1x10 V  
s o lu t io n  o f  g e la t in  was used as maximum suppressor and 1 .CMKCl 
(A .R) was used as th e  su p p o rtin g  e le c t r o ly te *
A Lange* s p o la r ometer w ith  a m u lt i f l e x  galvanometer type 
M.G*F2 in  e x te rn a l c i r c u i t  was used fo r  amperometric s tu d ie s . 
N itro g e n  gas was p u r i f ie d  a f t e r  passing thorough chromous 
c h lo r id e  and a lk a lin e  p y r a g a llo l .
In  o rd e r to  determ ine the va lue o f a p p lie d  p o te n t ia l to 
be used d u rin g  amperometric measurements, th e  polarogram o f 
chromous c h lo r id e  was ta k e n .
The apparatus was s ta n d a rd ise d  and the  in c re a s in g  
v o lta g e  was a p p lie d , n o tin g  th e  galvanom eter ( s e n s i t iv i t y  
1 : 10  and th a t  o f  po la rom eter 2 ^) d e f le c t io n  a t each p o te n t ia l 
th e  mean o f  the  maximum and minimum was taken as -Uie c o rre c t 
re a d in g .
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Table 1 .
1 .0  cc CrClg (4 .0 1 x10“’’n ) - t 2 . 0  cc g e la t in  (1x10“V )  t  10 cc
KCl (nCi-I) 7 .0  cc HgO
drop time = 3 .8  c c .
Voltage
applied
Current _q 
amp. 8.8x10 ^
Voltage
applied
Current _q 
amp. 8.8x10 ^
0 .0  Volt -  12 .0 0.75 Volt ■V 0 .75
0 .05 " -  11.5 0 ,80 II + 1 .5
0 .1 0  '• -  11.5 0 .85 ti 2 .5
0 .15  " -  11.5 0 .90 II ■t 4 .5
0 .20  •' - 1 1 . 0 0 .95 It
 ^ 7 .25
0 .25  " -  10.5 1 .0 II + 12.5
0 .30  ” -  9 .0 1.05 It 19.25
0 .4 0  "
-  3 .75 1.10 ti
 ^ 26 .5
0 .50  » -  0 .75 1.15 II 37 .5
0.55  " 0 1.20 II + 45.75
0 .6 0  '• 0 1.25 It + 43 .0
0 .65  " + 0 .25 1.30 II + 46.25
0 .7 0  " ♦  0 .25 1.35 II + 50.0
F ig .  1 .
A graph was p lo t te d  betx^een galvanometer d e f lec t io n s  
and the applied  v o lta g e .  I t  extends in  two p a r ts ,  nam^y  
Cathodic and anodic where the ox id ation  o f  Cr  ^ to  Cr'*' 
and reduction  o f  Or to  Cr  ^ takes p la c e .  The poten tia l
to be ap p lied  for  amperometric t i t r a t io n s  was found to be
-  0 .2  v o l t s  (from th e  p la tean  o f  the polarogram).
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Amperometric t i t r a t i o n s  were c a r r ie d  ou t between CrCl2 
( in  the  c e l l )  and hyd raz ine  h y d ra te . A knovm volume o f CrCl2 
was taken  in  th e  c e l l  (under in e r t  atmosphere o f  n itro g e n  and 
covered w ith  a t h in  la y e r  o f  k e ro J r in e  o i l )  c o n ta in in g  base 
e le c t r o ly te  and the  maximum suppressor. The drop tim e  (3 secs) 
was a d ju s te d  and a constan t p o te n t ia l o f  -  0 , 2  v o l t  was a p p lie d  
A liquots o f  hyd raz ine  hyd ra te  \jexe added from  the  m ic ro b u re tte  
and read ings o f  th e  galvanom eter were taken a f t e r  m ix ing  o f the 
reagen ts  by th e  c u rre n t o f n it ro g e n .
Set I .  1 .0  cc o f  C rC l2  (4 .0 lx 1 0 “ % ) 10 .0  cc KCl (1M) \
2 .0  cc g e la t in  ( Ix lO "^ ^ )  4 7 .0  cc H2O a g a in s t 1.78x10“ %
N2H4 .H2 ) .
Set I I .  1 .0  cc o f  CrCl2 (4 .01x10”’’n ) ' t  0*5 cc CrCl3 (5x10“ ‘‘m)
1 0 .0  cc KCl (1M) t  2 .0  cc g e la t in  (1 i1 0 ”^^) +  6 .5  c H2 O
a g a in s t 1.95x10“% ^20-
Set I I I .  1 .0  cc o f  CrC l2  (3 .53  x I O '^ )  4 0 .|:c  CrCl3 ( 5x10“ % )
-  10 .0  cc KCl (1M) -  2 .0  cc ( 1x10“ ^^ ) -» 6 .9  cc H2O a g a in s t
1 . 50x 10 “ %  N2H4 . H2O.
Set IV .  1 .0  cc o f  C rC l2 (3 .5 3 x1 0 "% ) 4 0 .2  cc CrCl3 (5x10“ % )
 ^ 10 .0  cc KCl (1M) 4 2 .0  cc g e la t in  (1x10 ‘"^ ) 4 6 . 8  cc H2O 
a g a in s t 1 .50x10 "%  N2H4 . H2O.
Set V . 1 .0  cc o f  C rC l2 C3.53x10” % ) ± 10 .0  cc KCl (1M) 4
2 .0  cc g e la t in  ( Ix lO "^ ^ )  i  7 .O cc H2O a g a in s t 1.50x10“ %
N2H4 . HgO.
I 1 1 3 X n ^
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Set I
Table 2 .  
Set I I Set I I I
V ol. o f  1 .78  Current V o l. o f  Current V o l. o f  Current
x 1 0 " \  N2H..H2O 8.8x10"^ 1.95x10“"’n 8.8x10“  ^ 1 .^Oxlo'^^N 8.8x10“^
( c . c ' s )  ^2^4* ^2)  ^2^4* ^ P *
-______ :___________________ (Q«c» s)________________ (c .c*  s)
0 -  5 .5 0
-  6 .5 0 -  6 .0
0 .5 -  5 .0 0 .5 -  5 .0 1 .0 -  5.5
1 .0 -  4 .75 1 .0 -  4 .5 2 .0 -  4 .5
1 .5 -  4 .25 1 .5 -  4 .25 3 .0 -  4 .0
2 .0 -  3 .75 2 .0 -  4 .0 4 .0 -  2 .0
2 .5 -  3 .25 2 .5 -  3 .5 4 .5 -  1 .0
3 .0 -  2 .25 3 .0 -  1 .5 5 .0 -  0 .5
3 .5 -  1 .50 3 .5 -  1 .25 6 .0 -  0.15
4 .0 -  1 .250 4 .0 -  1 .25 7 .0 0
4 .5 -  1 .0 4 .5 -  0 .75 8 .5 0
5 .0 -  0 .75 5 .0 -  0 ,50 10.0 0
6 .0 -  0.25 6 .0 0 11 .0 0.25
7 .0 0 8 .0 0 12.0 + 0.25
8 .0 0 .50 10 .0 i  0 .25
F ig .  2 . F ig .  3 . F ig .  4 .
i )  1 .0  CO CrCl^ (4 .01x10“”‘n) t  0 cc CrCl3 = 5.9 cc 
(1 .78x10“’’n) N2H4 . H2O.
i i )  1 .0  cc CrCl2 (4 .01x10”'’n) 4 0 ,5  cc CrCl3 (5x10"^0
5.3 cc (1 .95x10"‘n ) NgH^. H^O.
i l l )  1 .0  cc CrClg (3.53x10""*II) 4 -0 .1  cc CrCl3 (5x10"^0
7 .5  cc (1 ,50x10“'*N) N2Hj .^ HgO.
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Set IV.
Table 3 .
Set V.
V ol. o f Current V ol. o f Current V ol. o f Current V ol. o f Current
1.50 X 1 .50 X
-9 1.50  X -9 1 .50 X -9
10“ N^
N2H4*^20
c.c* s
8.8x10 ^
-1 8.8x10^
N2H4 .H2O 
C.C’ s
8.8x10"^
10'^N 
c.c* s
8.8x10"^
amp. 10 N 
N2H4 .H2O
c . c ' s
amp. amp. amp.
0 - 6 .0 7 .0 - 0 .5 0 “4 .5 6 .0 - 0.25
1 .0 7^.25 7.5 -0 .2 5 2 .0 “3 .5 6.5 - 0.25
2 .0 “4.75 8 .0 0 3 .0 “2 .0 7 .0 -0 .25
3 .0  . -4 .2 5 8.5 +0.5 3 .5 - 2 .0 8 .0 0
4 .0 -3 .7 5 9 .0 *0.75 4 .5 - 1 .0 9 .0 H-0.25
5 .0 -3 .5 10 .0 t p .75 5 .0 - 1 .0 10.0 +0.25
5.5
6 .0
-2 .2 5
- 1.25
11 .0 40.75 5.5 - 0 .50 11 .0
♦•0.25
F ig .  5* F ig . 6 .
iv )  1 .0  cc CrCl^ C3.53x10"^n) t  0 .2  cc CrCl3 (5x10"'‘m) z 
8 .2  cc Cl .50x10“”*II)
v) 1 .0  cc CrCl2 C3.53x10"'*il) ¥ 0 cc CrCl3 z  8 .0  cc 
(1 .50x10"*‘n) N2H^. H2O.
P o te n tio m e tr lc  S tu d ie s ;
The potentiom etrlc  s tu d ie s  were carried out vising a 
T insley  Vernier potentiom eter (Tupe 3387B) connected to a 
s e n s i t iv e  mirror galvanometer with lamp and sca le  arrangement. 
The ind icator e lec tro d e  co n sis ted  of the bright platinum 
e lectrod e  dipped in  chromous ch lor id e  so lu t io n  forming thereby
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+ + + + +
Cr  ^ Cr + e couple calom el e le c tro d e  served as the
re fe re n ce  e le c tro d e .
The p o te n tio m e tr ic  t i t r a t io n s  v/ere c a r r ie d  o u t by 
ta k in g  a known volume (2 .0  cc) o f  CrGl s o lu t io n  in  a sm all 
w ide mouthed b o t t le  w ith  a cork c a rry in g  the e le c tro d e s  and 
w ith  arrangement fo r  passing (X)2 and in s e r t in g  the  nozz le  
o f  th e  b u re t te .  H ydrazine was then added to  the  s o lu tio n  
and read ings were ta ke n  5 m inutes a f t e r  each a d d it io n  and 
s t i r r in g  the  m ix tu re  w e l l .
T i t r a t io n s  were c a r r ie d  o u t w ith  6.84x10 CrCl2 
(c o n ta in in g  v a ry in g  amounts o f 1 .2M C rC l^) a g a in s t 
7.5x10 M hyd raz ine  h y d ra te .
Set I .
2 . 0  cc C rC l^ ( 6,84x1 5^M) + 8 . 0  cc ( a i r  f r e e  d i s t i l l e d
w a te r) a g a in s t 7*5x10 H2 0 *
Set I I .
2 .0  cc GrCl^ (6 .8 4 x1 0 "^^) f  2 .0  cc CrCl^ (1.2M) t
6 . 0  cc ( a i r  fre e  d i s t i l l e d  w a te r) a g a in s t 7 . 5x 10  N2H^.H20
Set I I I .
2 .0  cc C rC l2  (6.84x10"“'m) t  2 .0  cc CrC l3 (1.2M) ±
“I '4 .0  cc ( a i r  f re e  d i s t i l l e d  w a te r) a g a in s t 7.5x10 M N2H2j^Jl20 
Set IV .
2 .0  cc C rC l2 (6.84x1 o” S l)  + 6 .0  cc C rC l3 (1.2M) +
“12 .0  cc ( a i r  f r e e  d i s t i l l e d  w ate r ) a g a in s t 7*5x10 M 
N2H^. H2O•
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Table 4 .
Set I . Set I I . Set I I I . Set IV .
V ol.o f  P o te n t ia l  V ol. o f  P o te n t ia l  V o l.o f  P o te n t ia l  Vol. Poten-
NpH, .HoO (V o lts )  NoHi,.HpO (V o lts )  (V o lts )  o f  NoHr.tial
^ (Calomel-)  ^ (Calomet-) (Calomel-) H9O (Volt:
c . c . '  s C.C.* s C.C.* s c . c . ’ s (Calom<
0 0.494 1 .0 0.482 0 0.450 0 0.5285
0 .5 0.426 1 .5 0.440 0.75 0.4775 0 .5 0.5325
1 .0 0.430 2 .0 0.445 1 .0 0.4845 1 .0 0.5345
1.5 0 . ^ 8 2 .5 0.447 1 .5 0.4895 2 .0 0.5355
2 .0 0.429 3 .5 0 .434 2 .0 0.4940 3 .0 0.5380
2 .5 0.415 4 .5 0.448 2 .5 0.5000 4 .0 0.5A20
2 .7 0.4165 5.5 0.418 3 .5 0.5100 6 .0 0.5550
3 .0 0.394 6 .5 0 .40 4 .5 0.5235 8 .0 0.5530
3 .2 0.3885 8 .0 0.390 5.5 0.5240 10.0 0.4620
3 .5 0.3875 8 .5 0 .40 7.5 0.4540 11.0 0.4350
4 .0 0.397 9 .0 0 ^ ^ 5 8.5 0.4330 13.0 0.470
4 .5 0.1^75 10.0 0.450 10 .0 0.4100 15.0 0.5250
5 .0 0.448 0.537 11.0 0.4130 17.0 0.6350
5.5 0.465 0.594 12 .0 0.4750 18.0 0.6270
6 .5 0.529 13.0 0.5410
7.5 0.620 14.0 0.670
10.0 0 .67 15 .0 0.6550
F ig . 7 . F ig .  8 . F ig . 9 . F ig . , 10.
i ) 2 .0  cc CrCl2(6.84x10“^M) * 6,.4 cc (7.5x10"
± 0 cc CrCl^•
11) 2 .0  cc CrCl2 ( 6.84x10"”’) ^ 12.1 cc N2H;^  (7.5x1 o"‘‘m)
i - 2 . 0  cc CrClo (1.2Q M ).
'  - . 1  -  - 1
i i i )  2 .0  cc CrCl2 ( 6.84x1 O-'m) 5 - 9 .0  cc NaH  ^ (7 .5x10  M)
1 4 .0  cc CrCl3 ( 1 .2CM).
iv )  2 . 0  cc CrDlgC6.34x10“^M) 5 15 .5  cc N2H4 ( 7 . 5x1 o"’’m) 
+ 6 .0  cc CrCl3 ( 1 . 2CM).
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Chromic C h lo rid e  -  H vdraz lne  Complex;
Chromic c h lo r id e  formed a b lu is h  green In s o lu b le  
compound w ith  hyd raz ine  h y d ra te . The com position  o f  the 
complex was in v e s t ig a te d  by em ploying am perom etric and 
p o te n t io m e tr ic  methods*
Am perom etric S tu d ie s :
S tandard s o lu t io n s  o f  chrom ic c h lo r id e  and hydrazine 
h yd ra te  were p repared as described  e a r l ie r .  G e la tin  (IxlO ^J 
and KCl (1,C}^) were used as maximum suppressor and su p p o rtii 
e le c t r o ly te  r e s p e c t iv ^ y .  The am perom etric s tu d ie s  were 
c a r r ie d  o u t w ith  Lang* s po la rom eter w ith  a m u l t i f le x  
galvanom eter typ e  M.G.F 2 in  e x te rn a l c i r c u i t .
The va lue  o f  a p p lie d  p o t a i t la l  to  be used du rin g  
am perom etric t i t r a t io n s  was determ ined by p lo t t in g  an 
a p p lie d  v o lta g e - c u rre n t curve fo r  C rC l^ .
A c u rre n t o f  p u r i f ie d  n itro g e n  was passed fo r  about 
10 m inutes in  a p o la ro g ra p h lc  c e l l  c o n ta in in g  1 , 0  cc CrCl^ 
(1x10“ ‘‘m ), 5 .0  cc KCl (2M ), 2 .0  cc g e la t in  (1x10“ ”*^) and
12 .0  cc a i r  f re e  d i s t i l l e d  w a te r. The apparatus was 
s ta n d a rd ize d  and th e  cu rre n t was measured Cat 2 x  s e n s it iv i t ;  
o f  the  po la rom e te r and 1 : 1 0  galvanometer s a i s i t l v i t y )  a t 
in c re a s in g  a p p lie d  v o lta g e s . N o tin g , th e  galvanometer 
d e f le c t io n  a t each p o te n t ia l  the  mean o f  the maximum and 
minimum o s c i l la t io n s  were taken as the c o rre c t re a d in g s .
The read ings a re  recorded in  the  fo llo w in g  l in e s .
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Table 5.
1 .0  cc CrCl3 + 5 .0  cc KCl (2M) 4 2 .0  cc g e la t in  (0 .1^) t
12 .0  cc w ater.
drop time r 3 .3  s e c s .
Voltage  
applied  
( in  V olts)
Current _q 
( 8 .3 x 1 0 ^  
amD. )
Voltage  
applied  
( in  V olts)
Current 
( 8.8x10  ^
amn.)
0 -  8 .0 0 .90
-  3 .75
0 .1 0 7 .0 1.00 -  0.75
0 .2 0 -  8 .0 1 .10
♦  3 .00
0 .30 -  8 .0 1 .20 4 6 .50
0 .40 -  8 .0 1 .30 + 12 .0
0 .50 -  7 .0 1 .40 4 2 9 .0
0 .60
-  7 .0 1.50 ■V 47 .0
O.BO -  7 .0 1 .60  ^ 48 .0
F ig .  11.
The p o te n t ia l  to  be applied  for amperometric t i t r a t io n s  
was found to be 7J .20 voltsCfrom the v o lta g e -  current curve).
Amperometric t i t r a t i o n s  between chromic ch lor ide and 
hydrazine (both d ir e c t  and reverse) were carried  at a constant 
p o te n t ia l  o f  -  1 .2 0  v o l t .
The observations are recorded in  the fo llow in g  l i n e s .
D irect  T itr a t io n s;  Chromic ch lor id e  ( in  the c e l l )  against  
hydrazine hydrate .
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Set I .
2 . 0  cc CrGl^ ( 5x 1 0 ^ 1) 4 2 . 0  cc g e la t in  ( 1x 10“ ^^) j
5 .0  cc KCl (2M) t  11*0 cc HgO a g a in s t 2x10“ ^  N2H ^. H2O.
Set I I .
1 .0  cc CrC l3 (2 x1 0 "‘‘m) 4 5 .0  cc KCl (2M) ± 2 .0  cc g e la tin
d x lO ” "*^) f  1 2 . 0  cc HgO a g a in s t 5x 10 " ^  HgO.
Set I I I . ”
4 . 0  cc CrC l3 (5 x1 0 "^^ ) + 2 . 0  cc g e la t in  ( I x lo ’ V )  +
5 .0  cc KCl (2M) t  10*0 cc HgO a g a in s t 6 .6x10 "S l N2H2^ , H2O.
Table 6 .
V o lta g e  a p p l ie d ;-  0.120 v o l t .
Set I . Set I I . Set I I I .
V o l. o f  
N2H^.H20
(2x10”^ )
( c .c » s )
Current „
8 . 8x 10"9
amp*
V ol. o f
N2H4 .H2O
C 5x10“^M) 
(c .c*  s)
Current
8.8x10“^
amp.
V ol. o f  
N2H4 -H2O
(6 .6 x 1 0'^M) 
(c .c«  s)
Current « 
8.8x10'®  
amp.
0 40 .5 0 82 0 10.40
0 .10 44 .0 0 .10 95 0 .2 0 11 .00
0 .30 45 .0 0 .40 84.5 0 .40 12.50
0 .60 39 .5 0 .70 45 0 .60 12.80
0 .80 2 5 .0 1.00 23 .5 1 .00 6.45
1.00 14 .0 1.50 24 .5 1 .20 3 .90
1.50 11.5 2 .0 0 22 .0 1.50 2 .30
1.70 8 .0 4.00 18.5 2 .0 0 1.60
2 .00 7.5 6.00 4 .5 2 .5 0 1.40
2 .5 0 5 .5 8 .00 2 .5 3 .0 0 0.60
3 .5 0 5.5 4 .00 0.30
5.00 5.5
10.00 5.5
F ig .  12. F ig .  13. F ig .  14.
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\
i )  2 cc CrCl3 ( 5xlO“^ )  z  1 •? cc HgO ( 2x10“Sl)
i l )  1 .0  cc CrCl3( 2x 10"‘’M)= 1 ,2  cc N2H4 . H^ O (5x10=^)
i i i )  4 ,0  cc CrCl^ ( 5xlO“^ ) i l . O  cc NgH^. HgO ( 6 . 6x10“%I)
Reverse T itr a t io n s;  Hydrazine hydrate ( in  the c ^ l )  against  
chromic c h lo r id e .
Set I .  1 .0  cc NgH^. H^ O (1x10“'‘m) 4 4 .0  cc KCl (2M) f
2 .0  cc g e la t in  ( 1x 1 0 - ^ )  V 13 .0  cc HgO gainst
2 x10" ^  GrCl^.
S et I I .  3 .0  cc N2H4 . H^ O (5x l0"S l) +. 4 ,0  cc KCl (2M) ±
2 . 0  cc g e la t in  ( 1x 10 -V )  ± 11 .0  cc H2O against
3 .3 x10~”‘m GrCl^.
Set I I I .  4 .0  cc H2O (2.5x1 0“Sd) + 4 .0  cc KCl (2M) +
2 . 0  cc g e la t in  ( 1x 10- ^ )  + 10 .0  cc H2O against  
2xl0"^M CrClo,
Set I ,
Tab le ?•
V o lta g e  a p p l ie d ; -  1 ,20  v o l t .  
Set I I , Set I I I ,
T b l. o f  
CrCl36 H2O
(2x10“ ^M) 
( c , c» s )  .
Current_Q
8 , 8x 10  ^
amp.
V ol. o f  
CrCl36 H2O
(3 .3 x10"‘‘m)
(c , c«s )
Current
-98 . 8x 10  ^
amp.
V ol. o f  
CrCl36 Hg.
( 2x 10’ Sl)  
( g..c»_sX .
Current
8 ,8x10"®
amp.
0 0 ,5 0 0 ,30 0 1 ,0
0 ,30 1,75 0 ,20 1,25 0.1 0,80
0,80 2 ,0 0,40 3 ,1 0 0 ,6 2 ,0 0
1,80 8 ,0 0 ,60 4,25 1 ,0 3 ,1 0
2 .3 0 9 .75 0 ,80 5,00 1 ,2 4,50
3 .1 0 12.25 1 ,00 5,35 1.5 5,00
3 ,6 0 14 ,0 1 ,10 6.35 1 .8 4.50
4 .10 16.0 1 .30 7 .50 2 .5 5.50
4 ,60 18 .0 1.80 9 .0 0 3 .5 9 .00
5.10 19.5 2 ,0 0 10.00 5 ,0 11,25
6.00 23 ,0 3 ,0 0 13.50
8,00 3 0 , 0 5,00 13,80
10,00 36 ,5 6.00 24.00
15.00 53.0 8 . 00 34.20
F ig .  15, P ig .  16, F ig ,  17,
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i )  1 .35 cc CrCl3 r  1 .0  cc NgH^. H2O (1x10"^)
i i )  1 .45 cc CrCl3 ( 3 .3x10“S o = 3 .0  cc N2H4 .  E^ O (5x10“Sl)
i i i )  1 .45 cc CrCl^ ( 2x 10"‘‘m) ? 4 .0  cc N^H^. H2O ( 2 . 5x 10" ^ )
P o te n t io a e tr ie  Studies:
The potentiom etric  t i t r a t i o n s  were carried ou t, using  
a T insley  Vernier potentiom eter (Type 3387B) connected to  
s e n s i t iv e  mirror galvanometer \vlth lamp sc a le  arrangement.
The e lec tr o d e s  employed were, bright platirum indicator e le c t  
rode and calomel e lec tro d e  served as re ference e lec tr o d e .  The 
v e s s e l  used for t i t r a t io n s  was o f  the same typ e  as used in  
case o f  chromous-hydrazine complex. Both reverse  and d irect  
t i t r a t i o n s  were carried  out between chromic ch loride and 
hydrazine.
D irect  T itr a t io n s:  Chromic ch lor ide ( i n  th e  c e l l )  against
hydrazine hydrate .
Set I .
10 ,0  cc o f  CrCl^e H2O (axlO'^'M) aga inst 3 .3x10“‘*M
N^H^. H2O. 
Set I I .
10*0 cc o f  CrCl^e H2O ( 1x ia “”‘M) aga in st  3.3x10"'*M
H2O.
Set I I I .
10.0  cc o f  CrCl^e H2O (5xlO”S l)  against Ix lo ’ ^^M
N2H4. H2O.
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Set I .
Table 8 .
Set I I . Set I I I .
V ol. o f  
N2H/ .^H20
(3 .3 x 1 o V )  
c . c ’ s
P o te n t ia l
(V o lts)
(Calomel-)
V ol. o f  
F2H4 .H2O
(3 .3 x 1 o V )
c.c* s
P o te n t ia l
(V olts)
(Calomelf)
V ol. of 
W2H2^ ..H20
(1x10^4) 
c . c ’ s
P o te n t ia l
(V olts)
(Calomel-)
0 0.35 0 0.148 0 0.026
0 .2 0.42 0 .5 0.150 0 .5 0.081
0 .7 0 .4 4 1 .0 0.161 0 .7 0.088
2 .0 0.355 1 .2 0.163 1 .0 0.092
2 .5 - 0.11 1 .5 0.168 1 .5 0.10
3 .0 (Calomel-) 0.176 2 .0 0.110
3 .5 0.3 1.9 0.177 3 .0 0.130
4 .0 0.31 2 .0 0.179 4 .0 0.188
4 .5 0.155 2 .5 0.185 5 .0 0.190
5.5 0.160 3 .0 0.189 7 .0 0.194
6 .5 0 .164 3 .5 0.190
8 .5 0.169 5 .0 0.196
0.180 7 .0
F ig .  18 F ig .  19 F ig .  :20.
i )  10 .0  cc CrCl3 (2x10”S o 5  2 ,3  cc (3.3x10"”‘m)
i i )  10 .0  cc CrCl^ (1x10“ M)= 1.1 cc N2H^.H20 C3.3x10“^M)
i i i )  10 .0  cc CrCl3 (5x10“S4)= 2 .0  cc N2H2^ .H20 ( I x io " ^ )
Reverse T itr a t io n s:  Hydrazine hydrate ( in  th e  c ^ l )  against
chromic c h lo r id e .
Set I .  10 .0  cc N2H^. H^OCIxIO'^^M) a g a in st  CrCl^C H^ O 
(2 .5 x 1 0“-‘*M) .
S et I I .  10 .0  cc H20(2xl0“"*M) aga in st  CrCl36 H2O
( 6 . 6 6 x 1 0 “ ”‘m) .
Set I I I .  10 .0  cc N2H^. H20(5x10“^ )  aga in st  CrCl36 H2O 
( I .66x10 .
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Set I .
Table 9*
Se t  I I .____ _ ______
Vol.. o f  P o te n t ia l  
CrClo (V olts)
 ^ ( Calomelf)
6 H2O
(c .c*  s)
Set I I I .
V o l. o f  
CrCl^
6 HgO 
(c .c*  s)
P o te n t ia l
(V o lts)
(Calomelf)
V ol. o f  
CrCl^
6 H2O 
(c .c*  s)
P oten tia l
(V olts)
(Calorael-V)
0
0 0.305 5 .0 0.318 0 0.295
0 .50 0.220 7 .0 0.270 2 .0 0.205
0 .70 0.202 10.0 0.250 5 .0 0.178
10 .0 0.195 • 15 .0 0.243 10.0 0.170
12 .0 0.188 2 0 .0 0.213 15.0 0.152
15 .0 0.186 2 5 .0 0.203 2 0 .0 0,209
2 0 .0 0.157 2 7 .0 0.201 3 0 .0 0.170
25 .0 0.132 30 .0 0.18 40 .0 0,207
3 0 .0 0.165 0.178 50.0 0.211
3 5 .0 0.165
45 .0 0.210
50.0 0.210
F ig .  21 . F ig . 2 2 . F ig . 23 .
i )  11 .0  cc 2 .5  xIo’ Hi CrCl3 £  10 .0  cc HgO (1xl0"^M)
i i )  8 .5  cc 6 .66x10’ M^ CrCl^ i  10 .0  cc H^ O (2x10”'’m)
-1i i i )  9 .0  cc 1.66x10-' M GrCl^ z  10 .0  cc N2H2^ . H2O (5x10 ’S o
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D irect  T itr a t io n s:  Chromic ch lor id e  ( in  th e  c e l l )  against
hydrazine hydrate.
S et I ,  10 .0  cc CrCl3 6 H^ O (2xlO“'*M) against 3.3x10"^M 
HgO.
S et I I ,  10 ,0  cc CrCl3 6 H^ O (1x10"V ) aga in st  3.3x1o“ M^ 
NgH^. H2O.
Set I I I .  10 .0  cc CrCl3 6 E^ O (5x10’ ^ )  aga in st  1x1 o“V  
N2H4 . HgO.
Table 10.
Set I . Set I I . Set I I I .
V ol. o f  
N2H4 .H2O
C3.3x10'^M) 
(c .c»  s)
P o te n t ia l
(V olts)
( Calomel-V) 
ve
V ol. o f
( 3 .3 x10"’m) 
(c .c»  s)
P o te n t ia l  V o l.  o f  
(V olts)  %H,.H^0 
(Calomel+)  ^ J  
ve (1x10 ‘ M) 
(c.c> s)
P oten tia l
(V olts)
( Calomel+) 
ve
0 0.35 0 0.148 0 0.026
0.2 0.k2 0 .50 0.150 0 .5 0.081
0 .7 0 .44 1 .0 0 . I 6I 0 .7 0.088
2 .0 0.355 1.20 0.163 1 .0 0.092
2 .5 0.11(Calomel-)
ve
1.50 0.168 1.5 0 .10
3 .0 0 .3 0 1.90 0.176 2 .0 0.110
U
0.81 2 .0 0.177 3 .0 0.130
0.155 2 .5 0 0.179 4 .0 0.188
4 .5 O.16O 3 .0 0.185 5 .0 0.190
5.5 0 .164 3 .5 0 0.189 7 .0 0.194
6 .5 0.164 5 .0 0.190
8 .5 0.180 7*0 0.196
F ig . 18. F ig .  19. F ig .  20 ♦
1) 10 .0  cc CrCl3 ( 2x10"‘‘M) ^ . 3  cc N2H^. H2O (3.3x10"”‘m)
i i )  10 .0  cc CrGl3 ( 1x10“%) =1.1 cc N2H4 . H2O (3 .3x10”%)
i i i )  10 .0  cc CrCl3 ( 5x 10“% ) =2 .0  cc E^ O (IxlO-Hl)
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Reverse T i tr a t io n s ; Hydrazine hydrate ( in  the  c e l l )  against  
chromic ch lo r id e .
Set I .  10 ,0  cc N2H^. H^ O (1x10”^M) aga in st GrCl  ^ 6 H2O 
( 2 . 5 x 1 0 " ‘’m) .
Set I I .  10 .0  cc NgH^. H^ O (axlo'^M) against CrCl3 6 H^ O 
(6 .66x10“‘'m).
Set I I I .  10 ,0  cc H2O ( 5 x 1 0 ^ )  against CrCl^ 6 H2O
( 1 , 6 6 x 1 0 “ '*M).
Table 11,
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V o l, o f  
CrCl36 H2O 
( 2 ,5 x 1 0 - ^ )  
( c .c » s )
P o te n t ia l  V o l. o f  
(V olt) CrClo6
H2O
(6.66x10 ^M) 
, (c .c«  s)
P o te n t ia l
(Volt)
V ol. o f  
CrCl36 H2O
(1.66x10^M) 
_ (c .c»  s)
Potentia l
(Volt)
0 0.305 0 0,318 0 0.295
5 .0 0.220 5 .0 0,270 2 ,0 0.205
7 .0 0.202 7 .0 0,250 5 .0 0,178
10 .0 0.195 10 .0 0,243 10.0 0,170
12 .0 0.188 15 .0 0,213 15 .0 0.152
15 .0 0,186 2 0 .0 0,203 20 .0 0,209
2 0 .0 0,157 2 5 .0 0,201 3 9 .0 0,170
2 5 .0 0,132 2 7 .0 0,180 40 .0 0,207
3 0 ,0 0,165 3 0 .0 0,178 50.0 0,211
3 5 .0 0,165
45 .0 0,210
50.0 0,210 •
F ig .  2 1 .  F ig .  2 2 . F ig .  23 .
i )  11 .0  cc 2.5x10"^M CrCl^ E 10 ,0  cc N2H4 . H2O (1x10“‘‘m)
i i )  8 ,5  cc 6 , 66x10”-*M CrCl3 = 10 ,0  cc ( 2x 10"‘^ M)
i i i )  9 . 0  cc 1,66x10“ M^ CrCl3 ^ ^2^4* ( 5 x 1 0 ^ )
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D I S C U S S I O N
Chromous ch lor id e  -  Hydrazine complex;
The amperoinetrlc t i t r a t i o n s  carried  out 
between chromous ch lor id e  and hydrazine hydrate 
at -  0 .2 0  v o l t  gave the combining r a t io  o f  CrClg 
to  N2H  ^ as 1:3 showing thereby the e x is te n c e  o f  
the complex CrCl2 3 The method i s  t r u s t -
+ + +
worthy s in ce  a t  th is  p o te n t ia l  Cr , -vrfiich
a lso  re a c ts  w ith  hydrazine, would not g ive  var ia tion s
in  the current values by the addition  o f  t i t r a n t s *
The r e s u l t s  are suram«trised in  the fo llow ing
t a b le .
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The r e s u l t s  are furthur conf inaed by potentiom etric  
s tu d ie s .  This method was u t i l i z e d  by taking advantage of 
the use o f  Or (ii)^i:r:^ Or ( i i i )  -h e couple at the bright 
platinum e le c tr o d e .  The r e s u l t s  are summed up in  the  
fo llow in g  t a b le .
Table 13.
Fig.No. V ol. o f  V o l. o f  V o l.  o f  Strength V o l.o f  V o l .o f  V o l .o f  Molar
6 ,84x  7 .5 x  1 .2M o f  CrCl, NpH/.. lloHi,. NpH, . ra t io
-1 -1 CrClo in  the HpO E^ O
n°h “h o  theCrCl2 N2H^.H20 sample le n t  to  . same ^^ 2^ 4
t o t a l  pipT streng-
CrCl-5 ^ 2  th as 
 ^ o f
CrCl^
7 • 2 .0 cc 6 .8 cc 0 0.1N 0.26 cc 6 .5 4 7.21 1 :3 .6
o • 2 .0 cc 9 .0 cc 2 .0 cc 0.1N 3 .46 cc 5 .54 6.08 1:3 .04
9 . 2 .0 cc 12.1 cc 4 .0 cc 0.1N 6.76 cc 5 .34 5.86 1:2.93
10. 2 .0 cc 15.5 cc 6 .0 cc 0.1N 9 .9 6 cc 5 .54 6.08 1 :3 .04
These in v e s t ig a t io n  do not confirm the r e s u l t s  of 
15
Tranbe and Passarge j who found the ex is te n c e  of the 
complex CrCl2 2I^ 2Hj| .^ On the other hand, the composition  
o f  the complex i s  s im ilar  to that of chromous iod ide  
hydrazine complex reported by Hein and Bahr, Another
discrepancy observed i s  in  the colour of the complex.
15While Tranbe and Passarge reported the colour of the  
complex as red but a c tu a l ly  the  complex was i s o la te d
“ 201 -
as a b lu ish  v i o l e t  product. I t  i s  quite  l i k e l y  that some 
fr e e  a ce ta te  ions might be present in  th e ir  so lu tion  in  
whose presence a red coloured compound i s  formed.
Chromic C hloride- Hydrazine Complex;
The amperometric s tu d ie s  carried  out to  in v e s t ig a te  
the composition o f  chromic ch lor ide  and hydrazine complecs 
at -  1 ,20  v o l t s  gave a combining r a t io  of 3:1 for Cr ( i i i )  
and hydrazine r e s p e c t iv e ly .  The r e s u l t s  are tabulated as 
fo l lo w s .
Table 14.
D irect  ti& ations: GrCl26 H2O ( in  the c ^ l )  •
P ig .N o. V o l.  o f  Strength o f  
^2^4 *^ 2° CrCl3 in  the
(from the mixture 
curve)
Strength of 
N2H4 . H^ O
Molar r a t io  
CrCl^ * N2iH2j_
12 . 1 .7  cc 5 . 0x1 o”\ 2 . 0x10"^ M 2 . 8: 1
13 . 1 .2 cc 1 .O xIo'Sl 5 . 0x10”\ 3 .3 :  1
14. 1 .0  cc 10x1c “ M^ 6 . 66x1 O^M 3 .0 :  1
-  2 0 2  -
Reverse T itr a t io n s:  ^2^4 * ^2  ^ c e l l )
F ig .H o. V ol. o f
CrCl3 
61^0^ 
(from the  
, curve)
Strength of  
• ^2® 
the mixture
Strength of  
CrCl36 H2O
CrCl3; N2H4
15. 1.35 5.0x10 " \ 2.0x1 o’*'"*!! 2 .7 : 1
16. 1.45 7.5x1 o’\ 3 .3 x10“ M^ 3.2: 1
17 . 1.45 5 .0 x 1 0 " \ 2.0x1 2.9: 1
More con clusive  information regarding the composition
o f  chromic ch lor id e  complex obtained frcxa the r e s u l t s  o f
measurements
potentiom etry. The potentiometri</ were carried out by using
platinum In d icator  e lec tro d e  dipped in  chromic chloride
f  4 + . \  ^
so lu t io n  assuming thereby the formation o f  Or -t e —-  Cr
couple, calomel e lec tro d e  served as the re ference  e lec tr o d e .  
The containing r a t io  o f  chromic ch lor ide and hydrazine came 
out to be 3:1 r e s p e c t iv e ly ,  in d ic a t in g  thereby the formation  
o f  3CrCl^ ^2^4* r e s u l t s  are  tabu lated  as fo llow s*
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Table 15.
D irect  T itr a t io n s:  CvGl-^S H2O ( in  the c e l l ) .
F ig .N o. V ol. o f  
N2Hj| .^H20
(from th e  
- curve)
Strength of  
CrCl^ in  th e
mixture
Strength o f  
^2^4*
Molar r a t io  
CvCljt
18. 2 .3  cc 2x10“’*M 3 .3 x10“'*M 2 .6:  1
19 . 1.1 cc 1x10' M 3.3x10"Sd 2.7: 1
2 0 . 2 .0  cc 5xl0"^M 1.0x1 o'^ 4 2.5: 1
Reverse T itra t io n s:  NoH/.. Er.0 1C in  the c e l l )  •
t
Fig.N o. ■t^ol. o f  
CrClo 
6EoO^  
(from the  
curve)
Strength o f  
N^ Hji^ . H^ O in
Strength o f  
CrCa3 6 H^ O
Molar ra t io  
CrCl^: N2H^
the mixture
21 . 11 .0  cc 1x1 o” M^ 2 .5x10’ ’*M 3.15: 1
22 . 8 .5  cc 2x10"^ M 6.66x10"'^ M 2.99: 1
23 . 9 .0  cc 5x10 " \ 1.66x10 2.88: 1
From th e  foregoing s tud ies  on the chroniic ch loride and 
hydrazine complex, the formation o f  a complex 3GrCl3 N2H^  
has been e s ta b l is h e d .  However, the rea l nature of the complex 
and the bonding may on ly  be under-stood by enploying chemical 
methods o f  a n a ly s is  and magnetic measurements.
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C H A P T E R  VI. 
Bromo Complexes o f  Cu ( i )
BROMO COMPLEXSS OF Cu(l)
Amongst the halogen complexes of Gu(i) the most 
e x te n s iv e ly  stud ied  are those of cuprous ch lor id e  with 
potassium ch loride and hydro ch lo r ic  a c id .  These have
been in v e s t ig a te d  by a number o f  -workers including
1 2 Bodlander and Storback , Remy and Labes , Szabo and
3 4 5Szabo , O.A. Chaltkyan and more re c e n t ly  by Harris
6
and Malik e t a l .  The la t t e r  authors developed a new method
for determining the complex ion formation in  the so l id  as we
aqueous phase by representing  the s o lu b i l i t y  data in
the r e c t i l in e a r  phase diagram. However, r e t i v e ly ,  small
amount o f  work has been done on bromo complexes of
C u (i) .  Only some old  re feren ces  are a v a ila b le  amongst
7
th ese  worthmentioning are those of Wells and Hurlburt 
8
and F leu T e n t,
This chapter deals with the s tu d ie s  on the
systems CuBr“KBr-H20, GuBr-HBr-IIgO and CuBr-Mg Br2”H20 
o o
a t 20 C and 50 C r e s p e c t iv e ly ,  employing besides chemical
a n a ly s is ,  pot entiome t r i e  and conduc tome t r i e  methods.
The r e s u l t s  are in terp re ted  by representing s o lu b i l i t y
data in  th e  r e c t i l in e a r  as w e l l  as t r ia n g u la r  phase 
9diagram s.
-  2 0 7  T
E X P E R I M E N T A L
Cuprous bromide was prepared by treatin g  a mixture 
of copper sulphate (20 gms.) and sodium bromide (8  gms) 
d isso lv e d  in  300 cc o f  d i s t i l l e d  water with a stream of  
sulphur d i  o x id e .  The white c r y s ta ls  so formed were washed 
with sulphurous acid and a lcohol and f i n a l l y  dried with 
ether and kept in  vacuum desiccator over ca u st ic  potash.
The r e su lt in g  c r y s ta ls  were palegreenish  yellow  in  colour.
Cuprous ion s  were estimated^  ^ by t i t r a t in g  the 
so lu t io n s  aga in st standard th iocyanate using f e r r ic  alum 
as in d ica to r ,
KBr (E. Merck) was, re  c r y s t a l l i s e d  and used in  the 
experiments, potassium was estim ated  a s  d i potassium mono 
sodium c o b a l t in i t r i t e .
HBr (E. Merck) was d i s t i l l e d  and employed for the 
experiments, i t  was estim ated vo lu m etr ica lly  aga in st  
standard cau st ic  soda s o lu t io n ,
MgBr^(Hiedel) was r e c r y s t a l l i s e d ,  dried a t  IIO^C and 
estim ated as magnesium aamonium phosphate hexa hydrate.
In a l l  tile experiments an excess  of Cu3r was 
d isso lv e d  in  aqueous bromide s o lu t io n s .  The supernant 
l iq u id  containing CuBr in  XBr ( in  equilibrium  with double
1 0
Q
Oi
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s a l t  CuBp, XBr) and water were mixed in  the fo llow ing  
or der:
B o ilin g  tube No. 1. 0 cc water + 40 cc so lu t io n  (CuBr
saturated  in  XBr) CuBr -  XBr -  H^ O 
(where X = H,K) at 50°C.
B o ilin g  tube No. 2 ,  2 cc water 4 38 cc so lu t io n
B oiling  tube No. 3 .  4 cc water 4 36 cc so lu t io n
B oiling tube No.20 . 38 cc water 4 2 cc so lu t io n
CuBr -  XBr -  HgO a t  20°C ( X = Mg, K)
B oilin g  tube No. 1 . 4 cc water -V 36 cc so lu t io n
B o ilin g  tube No. 2 .  8 cc water 4 32 cc so lu t io n
B o ilin g  tube No. 10 36 cc water 4 4 cc so lu t io n
The concentration  of s o l id  phase in  equilibrium  with 
adhering mother liq u or  (wet resid ue) was obtained by 
subtracting the concentration  of CuBr and XBr (determined 
from the a n a ly s is )  from the concentrations of CuBr and 
XBr (had i t  not been p r e c ip ita te d  by adding w a ter ) . The 
r e s u l t s  are given in  the fo llo w in g  paragraphs, the r a t io s  o f  
the components from which complex formation could be 
approximately determined have been marked with a s te r is k .

- 209 -
Table 1.
System CuBr -  KBr -  H^ O Cat 20°G)
O K I G “I  K A L
B.T . S O L U T I O N CONCENTRATION W E T R E S I D U E
No. CuBr KBr HoO 
$  ^ %
CuBr  ^ KBr^ H2O % CuBr ^ KBr ^ H2O ^
1. 5 .37 24.82  69.81 5 .37  24.82 69.88
2 . 4 .5 7 21.19 74.24 4.83 22.83 72.34 0.26 1 .,14 98.60
3 . 3 .83 17 .77  78.40 4 .29  19.85 75.86 0.46* 2.,03« 9 7 . 51*
4 . 2 .98 15 .67  81 .35 3.75  17.37  78.88 0 . 77^ 1 ,.70* 97.46*
5 . 1 .90 13.92 84.18 3 .aa  14.89 81.89 1.22 0 .97  97.81
6, 1 .65 11.62 86.73 2 .68  12.41 84.81 1.03 0.79 98.18
7 . 1 .20 9.22  89.58 2.23 9 .92  87.85 1.03 0 .70  98.27
8 . 0 .93 6 .46  93 .64 1.61 7.44 90.95 0.68 0.98  98 .34
9 . 0 .57 4 .59  94 .84 1.07 4 .96  9 3 .9 7 0.43 0 .3 7  99.20
10. 0 .20 2.06  97 .74 0.53 2 .4 8  96.99 0.33 0 .42  99.25
P ig . 1.
Table 2 .
CuBr -  KBr -  B^ 20 ( at 50°C)
B.T . S 0 L U T I 0 N ORIGIML COUCmTHmON VfflT RESIDUE
No. CuBr KBr CuBi• KBr CuBr KBr
g m /lit  g m /l i t gm /lit g m /lit gm /lit  gm /lit
1 . 75.2 223 .6 75.2 223.6
2 . 65 .4 185.39 71 .4 212.41 6,C» 2 7 . 02*
3 . 58.2 170.31 67.6 201 .22 19 M 30.01*
4 . 41 .5 164.3 63.9 19O.O6 20 M 2 5 .7  =«
5 . 33.3 152.6 60.2 178.8 26.9* 26.2  *
6 . 3 1 .6 140.9 56.3 167 .7  ' 2 4 .7 26 .8
7. 2 6 .4 134.6 52.6 156.5 26.2 21.9
8 . 20.3 128.9 48 .8 145.3 28 .5 16.4
9 . 15.87 120.3 45.1 131.3 29 .3* 10.8  *
10. 8.71 73.03 4 1 .031 122.98 22 .6« 49.9
11. 6.881 70.98 37 .5 111 .6 30 .6 4 0 .7
12. 4 .9 69.1 33 .8 100.6 28 .9 30.5
13. 3 .9 63 .4 30.72 88 .4 26 .8 2 5 .0
14. 3 .6 62 .6 26.3 78.2 22 .7 15.6
15. 3 .2 61.2 21 .5 67.08 18.3 5 .8
16. 2 .8 54.8 19.68 55.91 16 .8 1.1
F I s .  2 .
-  2 1 0  -
Table 3 .
>0,CuBr 7 KBr -  H2O ( a t  5CTC)
O R I G I N A L
B, T . S O L U T I O N  GONGElfTRATION W E T  R E S I D U E
No. CuBr^ KBr^ HgO % GuBr ^ KBr fo H2O % CuBr fo KBr % %
1 . 7.52 22.36 70.12 7.52 22.36 70.12
2 . 5.82 18.53 75.64 7.14 21 .24 71.62 0.60 2 .7 96.2
3 . 4 .15 17.03 78.82 6.76 20.12 73.12 1.94 3 .0 95.06
4 . 3 .33 16.43 80.24 6.39 19.00 74.61 2 .0 4 2 .5 7 95.39
5 . 3 .16 15.26 71.58 6.02 17.88 76.10 2.69 2.62 94.69
6 . 2 .6 4 14.09 83 .27 5.63 16.77 77'f6 2 .4 7 2 .68 94.85
7 . 1.58 13.46 84.96 5.26 15.65 79.19 2 .62 2.19 94.19
8 . 0.871 12.89 86.29 4.88 14.53 80.59 2.85 1.64 95.51
9 . 0.688 12.03 87.28 4.51 13.11 82.38 2.93 1.08 95.91
10. 0.49 13.03 92.21 4.13 12.29 82.58 2.26 4.99 92.75
11. 0.39 7.098 92.51 3 .75 11.16 85.09 3 .06 4 .07 92 .87
12. 0 .36 6.91 92.73 3 .38 10.06 86.56 0.089 3.05 94.06
13. 0.39 6.34 9 3 .27 3 .0 7 8 .84 87.09 2 .68 2 .50 94.82
14. 0 .36 6.26 93.38 2.63 7.82 89.55 2 .2 7 1.56 96.17
15. 0.32 6.12 93.56 2 .15 6.708 91.15 1.83 0.58 96.59
16. 0 .28 5.48 94 .24 1.968 5.59 92 .44 1.68 0.11 98.21
F ig . 3 .
Gonduc tome t r i e  And P otentiom etric  Studies
The cx)nduc tone t r i e  and potentiom etric  s tu d ie s  were 
done using th e  same stock  so lu t io n  (as was taken during 
a n a ly t ic a l  s tu d ie s )  and a l l  the observations were made v.lth 
mixtures kept immersed in  the therm ostatic bath a t  50 *-0,1°C< 
The cuprous bromide and water were mixed in  the same order 
as for th e  a n a ly t ic a l  s tu d ie s .
The conduc tome t r i e  s tu d ies  vrere carried  out vrf-th a
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W.TW con d uctiv ity  bridge and ^ip type cond uctiv ity  c e l l ,  
for measuring so lu t io n s  o f  high conductance a wheat stone bri 
system with a spread o f  500 cm. in  conjunction with W.G.Pye 
r e s is ta n c e  box and o s c i l l a t o r  and head phone were used.
The e*m. F measurements were made with the help o f  a
clean  platinum wire in d icator  e lec tro d e  dipped in  cuprous
■I* 4" "V
so lu t io n  thus forming Cu =^s==^  Cu e using iiie  standard 
calomel e lec tro d e  couple as the re fe re n c e . A T insely  Vernier 
potentiom eter with a lacQ) sca le  arrangement was used for  
determining the p o t o i t i a l .  In order to  check the  r e v e r s ib i l i  
o f  measurements a number of readings were taken for the same 
sample.
The r e s u l t s  of potentiom etric  and conductometric studie  
are summerised in  the fo l lo w in g  ta b le .
Table •
CuBr
g m s / l i t
KBr
g m s / l i t
Conductanc e 
-2
XI O
P o te n t ia l  
( in  v o lt s )
P o ten tia l  
( in  v o l t s )
75 .2 223.6 2 .3 0 0.102 0.092
6 5 .4 185.39 2.31 0.105 0.087
58.2 170.31 2.33 0.091 0.079
41 .5 164.3 2.25 0.083 0,078
33.3 152.6 2.21 0.082 0.076
3 1 .6 140.9 - - -
2 6 .4 134.6 2 .1 6 0.088 0.078
20.3 128.9 2.09 0.085 0.075
15 .37 120.3 2 .1 0 0.082 0.071
8.71 73.03 2 .0 4 0.078 0.052
6 .88 70.98 1.99 - -
4 .9 0 69.1 - —
6 3 .4 1 .8 7 0.058 mm3 .6 0 62 .6 0.053
3 .2 0 61 .2 - 0.048
2 .80
_ 54.S 1 .80 0.038 0.038
F ig .  4 . F ig . 5.
at
ci
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Table 5.
CuBr -  HBr -  H2O ( a t  50°C)
O R I  G I N A L  
B.T, S O L U T I O N  CONCENTRATION W E T  R E S I
No. CuBr% HBr^ H2O % CuBr % HBr % H2O % CuBr % HBr %
D U E  
H2O %
1 • 2 .39 14.13 83.48 2 .39 14.13 83.48 - - -
2 . 2 .2 0 11.52 86.28 2 .27 13.43 84.30 0 .0 7 0.90 99.03
3 . 2 .06 11.65 86.29 2 .15 12.73 85.12 0.09 1.078 98.83
4 . 1.85 11.07 87.08 2 .02 12.04 85 .94 0.168 0 .97 98.86
5. 1 .57 10.48 87.95 1 .90 11.31 86.69 0.33 0.823 98.85
6 . 1.29 9.61 89.10 1 .78 10.63 87.59 0.49 0.91 98.60
7 • 1 .06 9 .46 89.48 1.66 9.89 88.45 0 .60 0.33 99.07
0 • 0 .96 8.59 91.45 1 .54 9.19 89.27 0.58 0.59 98.83
9 . 0 .70 7.85 91 .45 1.42 8 .48 90.10 0.72 0.51 98.77
10J 0.61 7.42 91 .97 1 .30 7.79 91.01 0.69 0.36 98.95
11. 0.43 6.55 93 .02 1 .18 7.06 91.76 0.75 0.40 98.85
12, 0 .48 5.82 93 .70 1 .07 6 .36 92 .57 0 .58 0.43 98.99
13. 0 .35 5 .24  94.41 0 .9 4 5.65 93.41 0 .60 0 .30 99.10
14. 0 .3 0 4 .8 0 94 .90 0.81 4.95 94 .24 0.51 0.13 99.46
15. 0 .28 4.11 95.61 0.71 4 .25 95 .04 0.43 0 .14 99.43
16. 0 .18 3 .4 4  96 .38 0.59 3.53 95.88 0.41 0.08 99.51
17 . 0.23 2.75 97 .02 0 .47 2 .82 96.71 0 .1 4 0.069 99.81
18. 0 .15 2 .06 97.79 0.35 2 .12 97.53 0.072 0.058 99.87
19. 0.0741 1 .37  98 .56 0 .20 1.41 98.39 0 .1 4 0.031 99.83
20 . 0 .037 0.69 99 .17 0.12 0 .707  99 .18 0.081 0.016 99.9
Fig. 6.
cy
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Table 6 .
CuBr -  MgBr -  H2O ( a t  20°C)
0 R I G I N A L
B.T. S 0 L U T I 0 N CONCENTRATION W E T r e s :[ D U E
No. CuBr % MgB^^ CuBr % MgBT2^ H2O % CuBr % MgRr^^
1. 1 .46 23.43 75.11 1.46 23.43 75.11
2 . 0 .9 4 18.42 80 ,64 1.31 21.08 79.61 0 .37 2.66 96.973 . 0.75 17.30 8 1 .95 1.17 17.94 80.89 0.42 0 .64 98.94
4 . 0 .55 14.25 85 .20 1.02 16.40 82.58 0.47 2.15 97.48
5. 0 .32 10.32 89.36 0 .87 14.05 85.08 0.52’i‘ 3.73* 95.75*6 . 0 .2 4 7 .60 92.16 0.73 11.71 87.56 0 . 49* 95 . 70*
7 . 0.23 7.26 92.51 0 .58 9 .3 7 90.05 0 ,35 . 2 .11 . 97 .54
8 . 0.21 6.95 92 .8 4 0.43 7.02 92.55 0.22 0 .07 99.71
9 . 0 .15 3 .78 96 .07 0.29 4 .68 0 .1 4 0.90 99.06
10. 0.13 2.13 97 .74 0 .1 4 2 .3 4 0.01 0.21 9 9 .7
Fig. 7.
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D I S C U S S I O N
The r e s u l t s  on chemical a n a ly s is  (represented  
in  the form o f  tr ian gu lar  phase r u le  curves F ig .  1 
and 3 and rectangular phase diagram P ig .  2) have 
been able to  g iv e  p r e c ise  information regarding the  
complexes formed in  th e  s o l id  as w e l l  as l iq u id  phase 
for  the system Gu3r -  KBr -  Ii20 at 20° and 50°C 
r e s p e c t iv e ly .  The r e s u l t s  are summarised in  ttie 
fo llow in g  ta b le .
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Table 7 .
Fig*No, Trian­
gular
curve
No.
- % o t  CuBr and Molar Complexes 
KBr in  s o l id  r a t io  fromed 
phase ca lcu la ted  in  
from the t i e  the  
p o in t .  s o l id
Dhase
Molar
ra t io
in
the
l iq u id
tthase
Complexes
formed.
CuBr-KBr-H20 a t  50°C
F ig .3 1 . 8 .6  KBrS. 1:4  KiCnBr^
2 .6  CuBr  ^ ^ 5
1:5 CuBr .5KBr
2 .6  KBr
Sp 1 :1 .3 ’ KCuBp^
2 .6  CuBr ^
1:10 CuBp .IOKBt
CuBr-5'tBr.-:: 2^0 20°C
Pig.1  . 1 . 0 .80  KBr
Si 1:1 KCuBr« 
1 .0  CuBr ^
1:6 CuBr.6KBr
rectangular CfuBr-KBr-HpO at 50°C 
curve No.
F ig .2 . 1 . 40 .0  KBr
S. 1 :1 .8  KpGuBro
2 5 .0  CuBr ^
1 :2 .8  K3CuBr^
77 .0  KBr
Sp 1 :2 .8  KoCuBr.
3 3 .0  CuBr  ^  ^ ^
1:50 CuBr.5ICBr
146.0  KBr
So 1 :3 .6  K.CuBTc 
48 .0  CuBr  ^ ^ P
1:10 CuBr.lOKBr
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The r e s u l t s  o f  chemical an a lysis  were furth«?* 
confirmed by e lec trom etr ic  methods. The conductometric 
measurements in d ic a te  the formation of complex K^ CuBr^  ^
and add ition  compounds CuBt.5KBp and CuBr.IQKBr in  the  
at^ous phase, potentiom etric  measurements a lso  provide 
the same inform ation regarding the composition of the 
complexes in  aqueous phase. The r e s u l t s  are tabulated  
below*
Table 8 .
CuBr-KBr-H20 a t  50^
Fig* Cone, o f  KBr Molar 
No. and Cu3r gms/ r a t io  
l i t  a t  the  
po in t o f  
in te r s e c t io n
Complexes
formed
F ig .  Gone, o f  KBr 
No• and CuBr 
g m s/l i t
Molar Complexes 
r a t io  formed
4 . 73.03 KBr 
8.71 CuBr ^
1:10 CuBr.IQKBr
5 . 58.2 CuBr 
170.31 KBr *
1:28 K^CuBr^
152.15 KBr 
33.3 CuBr ^
1 s 5 .4 CuBr.5KBr
33.3  CuBr 
152.6 KBr
1:54 CuBr.5KBr
170.31 KBr 
58.2 CuBr ^
1 :2 .8 K^CuBr^
58.2 CuBr
S-
170.31 KBr ‘
1:28 K^CuBr^
41 .5  CuBr 
164.3 KBr
t : 4 . 8  CuBr.5KBr
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Prom the r e s u l t s  obtained by the chemical a n a ly s is  o f
aqueous phase, i t  may be concluded that a t  r e la t iv e ly
highjf temj^ature there i s  higher s o lu b i l i t y  of cuprous
bromide in  potassium bromide and vdth in creasin g  concentra-
to  KCuBT2
t io n  o f  KBr the complexes ranging from K^j^CuBryare formed; 
however in  so lu t io n s  th ere  i s  l i t t l e  tendency o f  complex 
ion  formation and there  was no complex formation at 20°C, 
only the complex K3GuBr  ^ at 50°C can be said to  e x i s t .  The 
other compoimds l i k e  CuBr.5KBr, CfuBr,10KBr e t c .  are probably 
addition  compounds or may in d ic a te  the s o lu b i l i t y  of cuprous 
bromide in  potassium bromide. The e lec tro  metric stuaiies alsc 
confirm the r e s u l t s  of chemical ana lysis*
The systems CuBr -  HBr -  H2O C a t  50°C ) and 
CuBr -  MgBT2 -  H20 ( a t  20°C ) were a lso  studied  an a ly tica lly  
There was no In d ica t io n  o f  complex formation in  the aqueous 
phase, o n ly , the complexes CuBr.3HBr and CuBr.3MgBT2 formed 
in  the s o l id  phase. The r e s u l t s  are summetrised in  the 
follo\d .ng t a b le .
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Table 9 .
F ig .
No.
Trian­
gular
curve
No.
% o f  CuBr and 
XBr in  s o l id  
phase ca lcu la ­
ted  from t h e t i  
p o in t .
Molar
r a t io
Complexes Molar 
formed r a t io  
in  
the
aqueous
Dhase
Complexes
formed
6 . 1 . 0 ,6 0  CuBr
Si1,10  HBr ‘
1:3 H^ CuBrjr^ 1:25 CuBr .25 HBr
7 . 1 . 0 ,55  CuBr
S.
2 ,5 0  MgBr '
1:3 Mg^CuBr^ 1:25 CuBr .25 MgBT2
In d ir ec t  evidence o f  the form in  which cuprous 
bromide e x i s t  in  the s o lu t io n  i s  a lso  forthcoming on the  
b a s is  o f  th e se  s tu d ie s  and the p o s s i b i l i t y  o f  th e  existence  
o f  ad d it ion  products l i k e  CuBr.25 HSp and CuBr*25 MgBT2 car 
not be -wholly ru led  out* That such ad d it ion  products vdth 
p r a c t ic a l ly  in d e f in i t e  m olecules of XBr C X:; H, K and Mg) 
a sso c ia te d  with them i s  qu ite  p o ss ib le  in  view of the low 
s o l u b i l i t y  o f  CuBr in  aqueous bromide so lu t io n s  a t  the  
ordinary tempratures.
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A P P E N D I X
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A P P E N D I X
CHEMICAL ANALYSIS AIJD MACS^ ETIC MEASUREMBI^ TS OF SOME COMPLEXES 
OF CEROMOTROPIC ACID. CHROMOTROPE 2B. ETHMOLAMINE AITO HYDRAZU
The r e s u l t s  on the composition o f  Cu ( i ) ,  Cu ( i i )  and
V ( iv )  complexes o f  chromotropic acid  and Cu ( i i )  complex of  
chromotrope 2B employing p h y sica l methods have already been 
d iscu ssed  e a r l ie r  (Chapters I  and I I ) .  In  order to  get more 
conclusive  inform ation regarding th e ir  composition, i t  was 
thought worthwhile to  study them by methods o f  chemical 
a n a ly s is  and magnetic s u s c e p t ib i l i t y .  A b r ie f  account of the 
r e s u l t s  chemical an a lysis  and magnetic measurements i s  given  
below.
1• R esu lts  o f  Chemical A nalysis;
I
(a) Cu ( i ) .  Cu. ( i i )  and V ( iv )  complexes of chroaotroDl* 
acid  and Cu ( l i )  complex o f  chromotrope 2B.
The complexes were i s o la t e d  by ex tra c tin g  them with 
organic s o lv e n t s .  The cond itions o f  i s o la t io n  are depicted  
In the fo llo w in g  ta b le .
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Table 1 .
Complex Ratios o f  the  
rea cta n ts
Reagent used
Cu ( i )  -  D.N.S. 2:1 Acetone
Cu ( i i ) -  D.N.S. 1:1 Mixture of Acetone and 
Ethyl a ce ta te  (1:2)
V ( i v ) -  D.N.S. 1:1 Mixture o f  Acetone and 
Ethyl a ce ta te  (1:2)
Cu ( i i ) -  Chromotrope 2B 1:1 Mixture o f  Acetone and 
Ethyl a ce ta te  (1:3)
The products thus obtained were dried over CuO for more than 
24 hours. The fo llow ing  are some o f  the p h ysica l p rop erties  of the 
substances:
Table 2 ,
Complex S o lu b i l i t y Colour of the  
dry product
Colour of  
th e
so lu t io n
Density
Cu ( i )  -  D.N.S. s l i g h t ly
so lu b le
brown pink 1.24
Cu ( i i ) -  D.N.S. so lu b le reddish brown red 1.09
V ( i v ) -  D.N.S. so lu b le black reddish
brovjn
1.24
Cu ( i i ) -  Chrorao- 
trope 2B
very
so lu b le
brownish black v io l e t 1.20
-  2 2 2  -
A nalysis  o f  the  conmlQxest
The amount o f  copper present in  ttie complexes was 
estim ated as fo llo w s:
A kno\m weight (about 0,5g) o f  the dried sample was 
fused  with o x id is in g  fu sion  mixture (mixture of so dium and 
potassium carbonate and potassium n i t r a t e ) . After completion 
o f  the fu s io n , th e  fused  product was d isso lv ed  in  hot water, 
when copper separated as copper oxide and the whole mass was 
filtered (the fliterate was kept for sulphur estim ation ),
CuO being in so lu b le  remained on the f i l t e r  psper and washed 
with hot water number o f  tim es and d isso lv ed  in  pure d i l  
HCl, To the  a c id ic  so lu t io n  thus obtained a few drops of  
phenolphth-^alein was added and was trea ted  with potassium  
hydroxide (A.R*) u n t i l  copper was p r e c ip ita te d  as copper 
hydroxide (ex ce ss  o f  a lk a l i  was in d ica ted  by the development 
o f  pink c o lo u r ) • The p r e c ip i ta te  o f  copper hydroxide was 
washed with hot water severa l t im es and f i n a l l y  d isso lved  in  
d i l  H2S0^ (A .R.)« The copper sulphate so lu t io n  thus obtainec 
was estim ated io d om etr ica lly  and the amount of copper present 
in  the substance was determined*
The sulphur present in  th e  complex was estimated as 
BaSo/j,. The f i f t ^ r a t e  obtained a f te r  fu s io n  o f  the complex, 
was a c id i f i e d  with HCl and warmed, to  the warmed so lu tion  
BaCl2 so lu t io n  was added, when th e  l a t t e r  v/as p rec ip ita ted  aj
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BaSO/ .^ I t  was weighed as BaSOji^  and liie amount of sulphur was 
estim ated .
The amount o f  vanadium in  the sample was estim ated,
4
by d is so lv in g  the complex in  d i l  and reducing the
r e s u lt in g  a c id ic  so lu t io n s  on Jone*s reductor and t i t r a t in g  
i t  aga in st standard KMnO^  ^ ( d e t a i l s  given in  Chapter I ,  page 2 4 ) .
The fo llow in g  are the r e s u l t s  o f  the analysis  o f  the 
complexes*
Complex C alculated found composition
Cu(i) -  D.N.S. Cu 20.3^  S-10 .2^ Cu-18,6%-S-9,4% Cu2 (D»N .3 •
C u ( i i ) -  D.N.S. Cu 14.92^ S-14.54?5 Cu-15.9%;S-10.92% Cu (D.N.S.
V ( i v ) -  D.N.S. 7-J1 .88/^;C-27.97^ V-12.2%;C-20.S3% 5
1 VO(D.N.S.
H
8
H -0.93^;S-14.09^ h-2.47%;S-13.19%
0-45.13% (by d ifferen ce )  0-52,4% (by
d ifferen ce;
C u ( i i ) “Chromotrope Cu-11.02^: S-11 .0^  
2B
Cu-10.2% ;S-10.5%
b) Cr ( l i ) .  Cr ( i i i )  hvdrazine complex: The amount of
chromium in  the dried samples was estim ated grav im etr ica lly  
by weighing i t  as
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A Imown quantity  (about 0 ,5g) o f  the dried  sample was 
d isso lv e d  in  d i l  HNO^  to the a c id ic  so lu t io n  thus obtained  
ammonia was added in  excess when chromium was p rec ip ita ted  
as chromium hydroxide, the so lu t io n  was b o iled  and f i t t e r e d  on 
a C f i t t e r a t e  was kept for  ch lor ide estim ation) gravimetric  
f i t t e r  paper. Chromium hydroxide was washed with hot water 
severa l t im es and then dried ig n ite d  and weighed as Ct202 •
To th e  b o ile d  f i jB t^ ra te  (c o n ta in in g  l i t t l e  amount o f 
n i t r i c  a c id ) . was added when c h lo r id e  was p re c ip ita te d
as AgC l, i t  was f i t t e r e d  ove r s in te re d  c ru c ib le ,  washed w ith  
d i l  HNO  ^ and h o t \m te r se ve ra l tim es and v ;e i^ e d  as AgC l.
The amount o f  hyd raz ine  in  the  sample was d e te m in e d  
by th e  in d ir e c t  io d a te  method,
A weighed amount o f  the substance (about 0,5g) was 
d isso lv e d  in  d i l  HCl, to  th e  a c id ic  so lu t io n  thus obtained  
a known quantity  o f  KIO^  so lu t io n  was added when KIO  ^ reduces 
to io d in e , the iod in e  thus l ib e r a te d  was estim ated by t itra tin g  
the s o lu t io n  a ga in st  sodium th io  su lp hate .
The re s u lts  o f a n a ly s is  are as fo llo w s :
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Complex Perdentage of elements estimated emperical formula 
o f  the complex
Cr ( i i ) -h y d r a z in e c r - 19 . 5^; C l-2 3 . 1:^ ; CrCl2.3F2Hj^.3H20
YL^ O 2 2 ,S i
C r(ii i ) -h y d r a z in e Cr-34.2^; Cl-60 .1^ CrCl^ . 3N2H4
(by d ifferen ce )
c) Vanadyl-Bthanolamine oomplexes:
The complexes o f  ethanolamines were is o la te d  by- 
tr e a t in g  the concentrated so lu t io n  complex (2x10 S i)  with  
acetone, and drying the extracted  product in  vacuum desiccator  
over CaO for over 48 hours. The products were h igh ly  
hygroscopic but quite  s ta b le  in  air*
The r e s u l t s  o f  the a n a ly s is  o f  the complex are 
suraracrised in  the fo llow ing  ta b le .
Complex Calculated found Composition
V ( iv )“ Monoethanol V-;20.5^; H-3.7^ V-19.5^; H-3.96^5
amine • »
C-12.06i^; K-7.03^ N -5 .1 5^  ^ 0 -12.34^ V O ^  (M.E.:
Cl-;35.6>t Cl-^ 4.5$^  CI2
OCby d if f e r e n c e ) -  0(by d if f e r e n c e ) -
21.11^ 24.55^
V (iv )-D i ethanol-  V -l4 .36^  V-15.6,^ VO(D.S,)p
amine CI2
V (iv )-T r ie th a n o l-  V-13.80^ V-15.02^ VO(T.E),
amine CI22
-  2 2 6  -
Note; C, H and N estim ations were carried  out by tiie 
courtsey o f  Micro a n a ly t ic a l  department (organic section)  
(U n iv ers ity  o f  Melbourne, A u s tr a l ia ) .
2 ,  Magnetic S u s c e p t ib i l i t y  measurementst
The magnetic measurements were carried  out -vjlth the  
help o f  Goiry* s magnetic balance having tonperature control 
arrangement in  th e  Chemistry departmeit, M.S. U n iv ers ity  of 
Baroda • . ;-;(Gourtesy Dr. J .S .  Dave),
Following are the r e s u lt s  o f  magnetic s u s c e p t ib i le  by 
data o f  the complexes.
Complex Mass suscep- Tamprature 
°0
Remarks
Cu ( i )  -  D.N.S. -  1.237 31.5°C diamagnetic
Cu ( i i )  “chromotrope 2B 17.63 3 2 .5°G paramagnetic
V ( iv )  -monoethanol- 
amine
-  0*3645 30°C diamagnetic
Cr ( i i ) -h y d r a z in e 2 ,29
*
32.8°C paramagneti<i
Cr ( i i i ) - h y d r a z in e 36.496 32°C paramagnetic
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The va lues  o f  M olar s u s c e p t i b i l i t y a n d  e f fe c t iv e  
m agnetic moment U e ff c a lc u la te d  (fro m  li ie  a t»ve data are 
as fo llo w s ;
Complex U e ff=  2 .8 J “ No. o f
unpa ired
e le c tro n
Expected 
number o f  
unpa ired  
e le c tro n
Cu ( i )  -  D .N .S . 6.05x1 o "^
. »
Cu ( ii) -G h ro m o tro p e  1,01x10 ^ 
, , 2B
5.08 4 1
V C iv)-m ono e thano l- 
- amine
-5
-2.23x10 - - -
Cr ( i i ) - h y d r a z in e 5.10x10"^ 3 .4 2 2
Cr ( i i i ) “ hydra z in e 1.85x10"^ - - -
“  2 2 8  -
D I S C U S S I O N
The r e s u l t s  on th e  chemical an a lys is  o f  Cu ( i ) ,  Cu (11) 
and V ( iv )  complexes o f  chromotropic acid  (sodium s a l t )  point
X V f*towards th e  formation o f  2:1 (Cu and D .H .S .) ,  1:1 (Cu- ' and 
D.N.S.) and 1:1 (VO  ^  ^ D .If,3 .)  complex* Although the percentage  
values estim ated were found to d i f f e r  from the th e o r e t ic a l  
values (and d i f f e r  w idely in  certa in  cases)^  n e v e r th e le s s ,  the  
estim ated values g ive composition approaching to  those  found 
by spectrophotometric and other p h ysica l methods.
The a n a ly s is  o f  Cu ( i i )  -  chromotrope 2B complex a lso  
confirms th e  r e s u l t s  obtained by th e  spectrophotometric meiiiods 
regarding the composition of 1:1 product.
The composition o f  chromous hydrazine complex in vest iga ted  
by p h ysica l methods (Chapter V) gave the information for 1:3 
CrCl2 and hydrazine complex. The r e s u l t s  on chemical analysis  
a lso  gave the same information togeth er  with 3 moles of H2O.
The formula o f  the complex'thus may be w ritten  as CrCl2 .3N2Hji^ * 
3H2O.
The a n a ly s is  o f  the Cr ( i i i ) -h y d r a z in e  complex gave the 
inform ation fo r  3:1 chromic to hydrazine complex. The estimated 
Values o f  Cr and were nearly  the same as th a t  of theoretica
values but su r p r is in g ly  enough the percentage of Cl came out 
to  be 13. 3^ fa r  too low from the ca lcu la ted  va lu e . The percentag
-  2 2 9  “
o f  Cl, th e r e fo r e ,  determined by d iffe r e n c e  ,
The r e s u l t s  obtained by th e  chemical a n a ly s is  o f  
vanadyl-ethanolamine complexes showed the formation o f  
1:1 , 1:2 and 1:2 vanadyl-monoethanolamine-diethanolamine 
and- triethanolam ine complexes r e s p e c t iv e ly .
The composition o f  1:1 VO^   ^ to  monoethanolamina 
complex i s  e s ta b lish e d  (p h y s ica l methods gave the information  
o f  1:2 and 2:3 vanadyl- mono ethano lamine complex), the va lid ity  
o f  information for  1:2 , 1:2 vanadyl-eiethanolamine and vanadyl- 
triethanolam ine complex i s  doubted as on ly  the estimated metal 
percentage approaches t o  the ca lcu la ted  v a lu es ,  otherwise the
C, H, N estim ated values d i f f e r  w idely  from the th e o r e t ic a l  
values*
The magnetic s u s c e p t ib i l i t y  measurements of some of the 
complexes o f  chromotropic a c id , chromotrope 2B and hydrazine 
gave in tr e s t in g  information regarding the structure and bonding 
in  the complex.
The Cu ( i ) -  D .N.S. complex i s  diamagnetic as i t  should 
not have any unpaired e le c tr o n , on the other hand Cu ( i i ) -  
chromotropic complex i s  paramagnetic as expected generally  
from the Cu ( i i )  complexes. However th e  value o f  e f f e c t iv e  
Bohr magneton (5«08) p o in t tovrards the ex is te n c e  of 4 unpaired 
e lec tro n s  in stea d  o f  one. Such a discrepancy i s  however, not 
s tr ik in g  s in ce  cases are met v;ith 'vriiere the observed number o f
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un pa ired  e le c tro n s  d i f f e r  w id e ly  from  th o se  th e o r e t ic a l ly  
p re d ic te d  (Selwood, ’ Magneto C h an is try * I n te r  Science 
P u b lis h e rs  (New York (1 9 4 3 ) .  ) .  I t  i s  q u ite  l i k e l y  th a t 
o r b i t a l  magnetism is  c o n tr ib u t in g  fa c to rs  in  these in s ta n c e s .
The Cr ( i i) - h y d r a z in e  complex gave a va lue o f  magnetic 
moment as 3 .4  Bohr magneton w hich in d ic a te s  the  presence o f 
two u n p a ire d  e le c tro n s  and thus co n firm in g  the re s u lts  a rr iv e d  
a t by th e  p h ys ico -ch e m ica l methods.
or (H2H4)3~ -
T X X' X X X X
I  X X X X X X
d2 Sp3
3 .4  Bohr magneton
The formula o f  th e  complex thus w ritten  as (Cr (N2H2j^ )^ ) 
ca2.3H20. The Cr ( i i i ) -h y d r a z in e  complex i s  paramagnetic 
and has a large  Bohr magneton value o f  6 .7 ,  which may again 
due to the presence o f  o r b i t a l  magnetism in  the complex.
R E S U M E
R E S U M E
C o o rd in a tio n  th ro ugh  n itro g e n  o r the  h yd ro xy l group o f  
th e  com p le ting  agent is  n o t something unusual in  the  f ie ld  o f  
in o rg a n ic  c h e m is try . Examples where c h e la tio n  VTOuld take p lace 
xvith bo th  n itro g e n  and h y d ro x y l group as e le c tro n  donor species 
are a ls o  n o t ve ry  uneom on* In s p ite  o f  t h is ,  th e  fa c t  remains 
th a t  more and more u s e fu l in fo rm a tio n  about such compounds 
is  be ing  made a v a ila b le  every year and many unexp lored waters 
have y e t to  be n a v ig a te d . Problems connected w ith  the use o f 
new comple:cing agent; s tudy o f  some le s s  fa m il ia r  complex io n  
fo rm in g  re a c tio n s  combined w ith  th e ir  p o s s ib le  a p p l ic a b i l i t y  in  
a n a ly t ic a l c h e m is try ; s ta b i l is a t io n  o f  uns tab le  ions  through 
complex io n  fo rm a tio n  and aspects r e la t in g  to th e ir  s tru c tu re  
and c h a ra c te r is a t io n  are as im p o rta n t today as th e y  were some 
f i f t y  years back. The w ork, embodied in  th is  th e s is ,  IS an 
a ttem p t in  t h is  d ir e c t io n  and deals w ith  th e  study o f some o f 
th e  aspects enumerated above*
Chromotropic ac id  1 i8  dihydroxy naphthalene 3 ,6  
disulphonic ac id  and i t s  su b st itu te d  d er iv a tiv e  p n itr o  
benzene azo chromotropic acid  i s  sa id  to undergo chelation  
with a number o f  heavy metal io n s .  However, r e la t iv e l y  small 
amount o f  work has been done with tr a n s it io n a l  elements copper, 
manganse and vanadium. This i s  p a r t ic u la r ly  true for these
- 232 -
ions in  th e ir  unstable va lence s t a t e ,  v i z . ,  Cu ( i ) ,  V ( iv )  
and Mn ( i i i ) • Of the other l e s s  known complexing agents, 
in v e s t ig a t io n s  on th e  complexes with 8 hydroxy quinoline 7 
iodo 5 sulphttric acid  and Ethanolamines are worth undertaking. 
Another l e s s  fa m ilia r  re a c t io n  i s  the in te r a c t io n  of Cr ( i i )  
and Cr ( i i i )  with hydrazine. The r e a c t io n , although w e ll  
known, remaint/almost u n in vestiga ted  and deserves a more 
system atic  approach. The concluding pages o f  the work describe  
s tu d ie s  on an asp ect, th o u ^  not d ir e c t ly  connected with the 
type o f  coordination under d iscu ss io n , i s  interesting enough 
and deals with the s tu d ie s  on bromo complexes of Cu ( i )  with  
a lk a l i  and a lk a lin e  earth bromide, employing phase rule and 
e lectrom etr ic  methods.
In te r a c t io n  o f  Cu ( i  and i i ) . M n (iii)  and V(lv) with  
chromotropic acid  (D .N .S .) .
(a) Conductometric and spectrophotometric metiiods were
employed to  study the in te r a c t io n  betweoi cuprous chloride
and chromotropic ac id  (sodium s a l t )  and takes 6 to  12 hours
for completion depending upon the concentration o f  th e  reactant
- 3  - 3
used (Cone. 2,5x10- to  1x10 -^ M s ix  to  twelve hours; Cone.
—2 —31x10 to  2 .5x10  M upper l i m i t  s ix  h ou rs). Moreover, the 
re a c t io n  was s p e c i f i c  for a narrow pH range ( 5 .0  to 7*0) and 
no in d ic a t io n  for  complex ion could be r e a l i s e d  in  e ith er  of  
the extreme pH range (T a b le .6 . ,  F ig . 5 . ,  Chapter I p .p .4 0 ) .
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Vosburgh and Cooper’ s method gave the ex is te n ce  of one 
complex at 430 mu (p 3 1 ) .  The Job’ s method o f  continuous  
v a r ia tio n  gave the r a t io  2:1 (Cu i D .N .S.) and so a lso  the  
slope r a t io  method ( pp 3 3 -3 5 ) .
The composition o f  the complex was a lso  confirmed by tiie 
modified s lop e r a t io  method. The absorbances of the so lu tions  
were p lo t te d  aga in st the concentration of the variable components 
from each end o f  the X -a x is .  The point o f  in te r s e c t io n  o f  the 
two curves corresponded to  'tiie composition o f  the complex, on 
the assumption th a t  only one complex was formed. I t  was found 
that the composition o f  the complex again corresponded to  Gu ; 
D.N.S. as 2:1 (page 3 6 ) .  The complex can be formulated as CU2 
(D .N .S .) the stru cture  as
C , . i
with va lu e  o f  K as 2 .1 x 1 0'*'^  and A F° as -2 .5 8  KGals at 30°C 
( pp 39 and 77) •
Conduc tome t r i e  measurements were a lso  made with mixtures 
prepared according to Job 's  method o f  continuous v a r ia t io n .  The 
d iffe r e n ce s  in  s p e c i f i c  con d u ctiv ity  were p lo tte d  against the 
composition o f  the mixture ( pp 65, 66 and 67) .  From the curves
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the combining r a t io  was found to be 2:1 (F ig ,  18, curve (1) 
and ( 2 ) ,  p .  7 7 ) .
(b) Cupric ch lor ide and the sodium sa lt  o f  chromotropic 
acid  in te r a c t  to g ive  a so lu b le  complex, red in  colour • The 
r e a c t io n  was q u ite  slow and took t-wo to  th r ee  hours for  
completion in  the concentration  range 2 ,5x10 to 5xlO"^M, 
With more d i lu te  so lu t io n s  the time for completion increased  
considerbly and sometimes i t  took twelve hours for the red 
colour to develop .
The complex was studied  spectro photometric a l l y  and 
by polarography. On applying Voshburgh and Cooper’ s mettiod 
( p 42) i t  was found that on ly  one absorption maxima at 
525 mu i s  formed. Job* s method o f  continuous varia tion  
( PP 43“44) as w e ll  as the slope ra t io  method ( pp 45“46) 
gave the combining r a t io  as 1:1 and hence the ex is ten ce  of 
the fo llo w in g  chela te:
The formation constant and free  energy o f  complex in  so lu tion  
was a lso  ca lcu la ted  and found to be 2 ,2 8  xio"^  ^ and -  3,767  
KCals a t  30°C (pages 49, 80) r e s p e c t iv e ly .  The in fluence
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o f  pH on the rea ct io n  was also studied  spectrophotom etrically  
and i t  was found th a t  the rea ct io n  could be carried out in  the 
pH range ( 6 ,0  to 11*0), No evidence fo r  complex ion formation 
was a v a ila b le  below pH:; 6 ,0  ( pp 4 7 -4 8 ,8 0 ) ,
Polarograms o f  the mixtures in  d if fe r e n t  b uffers  were 
taken in  th e  pH range 6 .0  to  11 ,0  In a l l  about fo r ty  polarogram 
were taken. From th e se  i t  was concluded that the complex, C5u^ -^
D .N .S ., i s  r e v e r s ib ly  reduceble at the dropping mercury electrod  
and re a c t io n  took  p lace  with one e le c tr o n  tran sfer  ( pp. 72, 74, 
8 1 ) ,  Also on plotting^ s t ,  l i n e  curves betweoi EI/2  and lo g  Cone 
the slope o f  th e  s t ,  l i n e  in d ic a te  the formation of 1:1 complex, 
and furthur the EI/ 2  versus pH r e c t i l in e a r  curve gave a slope  
o f  0,033 showing thereby th at  tiro hydroxyl groups coordinate  
with one atom o f  copper ( pp, 81-82, 7 4 ) .  The polarographic 
s tu d ie s  thus confirmed the e a r l ie r  r e s u l t s  arrived a t  spectro­
p h otom etr ica lly ,
(c)  The in te r a c t io n  between manganic sulphate and chromotropic 
acid  (sodium s a l t )  r e s u l t s  in  the formation o f  a yellow colourec 
complex. The rea ct io n  took p lace  in  h i^ i ly  ac id ic  medium and 
has not been stud ied  u n t i l  now. Spectrophotometric and 
potentiom etric  s tu d ie s  were carried  out to study the compositior 
o f  the complex,
Vosburgh Cooper's method in d ica ted  the ex is ten ce  of only  
one complex w ith '^max a t  430 mu ( pp. 5 1 ,5 2 ) .  Both, the Job’ s 
method as w e ll  as the slope r a t io  method gave the combining ratj
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as 1:1 ( pp. 5 3 -5 6 ) ,  The complex may be formulated as
The value o f  K was found to be 1«8x10^ and th a t  of AF^=
«
- 3 . 1 1  KCals at 30°C (page 57, 8 4 ) .
The re a c t io n  was found  to  be in1e?esting from  another
v iew  p o in t .  The fo rm a tio n  o f  a s ta b le  complex and th e
development o f  th e  b r ig h t  y e llo w  c o lo u r (a c id  medium) could
be used as a means fo r  the c o lo r im e tr ic  e s tim a tio n  o f Mn ( i i i )
-4
up to  as low  a c o n c e n tra tio n  a s  10 M,
P o te n tio m e tr ic  t i t r a t io n s  c a r r ie d  ou t betweai manganic 
su lph a te  and the  a c id  (Cone. Ix lO ” ^ ,  5x10*’^ ,  2 ,5 x1 0 -^ ;
-3
2x10 M e tc . )  a lso  gave r e s u lts  co n firm in g  the e a r l ie r  one S 
on sp e c tro tro p h o to m e try  ( p p .  68, 69| 85, 8 6 ) .  The reve rse  
t i t r a t io n s  d id  n o t,  however, prove to  be o f  much use . Here 
no s ig n if ic a n t  break in  th e  curves could be re a lis e d .
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(d) Vanadyl sulphate gave a reddish pink compound with  
chromotropic acid  (sodium s a l t )  in  the pH range (5*0 to  11 .0) 
Spectrophotometric method was again employed to  determine 
nature and composition o f  the complex*
Absorption s tu d ie s  were carried  out in  the range 400 to 
650 mu. The complex gave a s in g le  absorption peak at 525 mu 
( pp. 58-59)* Job 's  method of continuous v a r ia tio n  gave the 
combining r a t io  as 1:1 ( pp 59“60, 87)* The slope ra t io  also  
gave th e  same r a t io  o f  1:1 for YO^  to  D.N*S. C pp 6I 762, 87) • 
The complex may be formulated as .
-
The formation constant and fr e e  energy was found to be 3*99x10 
and -  2*67 KCals r e s p e c t iv e ly  at 20°G ( p . 64, 8 8 ) .
Gu Cli)-T3"nitro benzene aiao chromotropic acid  (Chromotrope 2B) 
reaction ;
This reagent forms a v io l e t  coloured complex -with cupric 
s a l t s .  The compound has an e s te r f ia b le  phenolic (OH group)
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in  a coordination p o s it io n  with resp ec t  to  I^ t^om of the azo 
group. The ch e la te  binding nay be supposed responsib le for th« 
co lour. The rea ct io n  was s p e c i f i c  as fa r  as the pH was 
considered and was stab le  in  the basic range (pH 7 to  11) .
(p .  101) .
Absorption s tu d ie s  as w ell  as a few polarographic 
in v e s t ig a t io n s  v;ere carried  out to understand the nature and 
the composition o f  the complex. Vosburgh and Ctooper* s metiiod 
showed the e x i s to ic e  o f  one complex with \ i a x  at 550 mu 
( p .  95, 1 0 7 ) ,  Employing Job’ s method, i t  was found that the 
two reagents combine in  the r a t io  1 :1 . The slope r a t io  gave 
sim ilar  r e s u l t s  ( pp ,96-100 , IO7) ,  The complex may be 
formulated as a ch ela te  with the fo llow in g  structure
with K equal to 5*8x10^ and the freQ energy -A p °  ;  2 .814  
KCals .( p .  102, 108).
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Polarographic study o f  the rea ct io n  v/as also carried  
out a t  two d if fe r e n t  pH» s ( pHr 7*5 and 11.5) ( p.p 104-106 
and p.p 108-109). In a l l  about a dozen o f  polarograms were 
drawn. The complex was fouM to be r e v e r s ib ly  reducible at  
the dropping mercury e lec tr o d e  and the re a c t io n  was found to 
take p lace  \^ith one e le c tr o n  tra n sfe r  (E 3//j_ -  ®1/^ r 0 .0 5 ) .
On p lo t t in g  the EI/ 2  values a g a in s t -  lo g  Cone, o f  chromotrope 
2B, a s t .  l i n e  was obtained having a slope o f  O.O5, thus
in d ic a t in g  a 1:1 Cu ( i i )  and chromotrope 2B complex ( p .  109) ,
/• <•
V ( I v ) -  8 . hydroxy attlnollne 7 iodo 5 sulphoric Acid (Ferron).
The reagent i s  u su a l ly  employed for the micro determina­
t io n  o f  ir o n .  The hydroxyl group and the hetro c y c l ic  nitrogei
o f  the compound combine with the metal ion  to form the chelate  
r in g .  Vanadyl sulphate g ives  a greenish yellow  coloured  
complex v/ith Ferron** The complex was found to be stable in  liK 
pH range 2^4 to 9*6 and in  th is  range a s in g le  absorption peak 
at ^max 380 mu was observable ( p , 2 2 , 130) ,
The absorption s tu d ie s  were carried  out at 380 mu
(Perron max. 430 mu; vanadyl sulphate 750 mu). Both the
Job*s method as w e ll  as s lope r a t io  method gave the combining 
r a t io  as VO"^  ^ Ferron as 2:3 ( p . p  115-121),
4The Value o f  formation constant came out to be 2,6x10 ,
( p ,p 123-124, 129- 130) ,
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Furthur confirmation regarding the composition of the
o f
va n a d y l-F e rro n  complex v;as sought f o r  on the  b a s is / conductome 
t r y .  On p lo t t in g  d iffe re n c e s  in  s p e c if ic  c o n d u c tiv ity  ( o f  
m ix tu re s  prepared  accord ing  to  Job»s mettiod) a g a in s t the 
com position  o f  the  m ix tu re s  aga in  a combining r a t io  o f  2 :3 
( VO^ P erron) was o b ta in e d  ( pp 125“ 127, 130 ),
Although no p r e c ise  information regarding the structure  
o f  the vanadyl Perron complex could be obtained by either of 
the t-wo methods employed, the rea ct io n  was found quite useful 
in  estim ating VO"^- - ion  c o lo r im e tr ic a l ly .  I t  was found that  
Perron gave qu ite  a sharp colour (green ish  yellow) even as 
low as concentration  as 1x1 o A l  ( pp 118-119) in  a long pH 
range o f  2*4 to 9•6*
Reaction of vanadvl ch loride with Mono-. P i-  and 
Triethanolam ines.
(a ) Vanadyl c h lo r id e  forms a s o lu b le  complex w ith  mono- 
e thanolam ine* The complex c r y s ta l l is e s  in  f in e  b la c k  c ry s ta l 
and g ives  a y e llo w is h  green c o lo u r in  aqueous s o lu t io n s • The 
n a tu re  and com pos ition  o f the complex was s tu d ie d  by ( i )  
spectropho tom etry  and ( i i )  amperometry.
P re lim in a ry  experiments re ve a le d  the  fo llo w in g  
in tE estin g  p o in ts  regarding ttie  complex.
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Ci) The re a c t io n  was p o s s ib le  o n ly  in  th e  concentra ted  
s o lu t io n s  ( 2x10 S i to  5x10 '^M). I n  r e la t iv e ly  h i ^ e r  
co n c e n tra tio n  a t ix r b id i t y  se t in .
( i i )  The co lo u r o f  th e  complex faded on la rg e  exposure to  a i r .  
However on keep ing  a la y e r  o f  p a r a f f in  on i t s  su rfa ce , i t  was 
found to  be s ta b le  fo r  a number o f  days ,
( i i  ) The g re e n ish  y e llo w  co lo u r developed o n ly  in  the  pH range
6 ,6  to  11 .4  and showed the presence o f a b s o rp tio n  peak a t 650 m' 
( p 139, 143 and 16'7).
( i i i )  The b la c k  c ry s ta ls  a lth ou gh  hygroscop ic  in  n a tu re , were 
q u ite  s ta b le .
Job* s method o f  con tinuous v a r ia t io n  as w e ll as the s lope 
r a t io  method ( pp 140-142) were employed to  know the compositio;
41'
o f  the complex ( s tu d ie s  carried  out a t  650 mu). Both the methoi 
gave the combining r a t io  Vo"^ ' mono ethanol amine as 2 :3 .
The complex was found to  be n o n -re d u c ib le  a t dropping 
m ercury e le c tro d e *  Hence p o la ro g ra p h ic  techn ique could no t be 
employed. However, amperometry was found to  be q u ite  successfu 
in  e lu c id a t in g  the  com pos ition  o f the complex* Amperometric 
t i t r a t io n s  were c a r r ie d  ou t a t -1 ,0  v o l t  between vanadyl c h lo r i 
( in  th e  c e l l )  and mono e th ano l amine as th e  t i t r a n t .  S u lphuric
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acid  was used as acid buffer and supporting e le c tr o ly te  •
The t i t r a t i o n s  were performed at -  1 .0  v o l t  ( pp 146-148, 169), 
Here the r e s u l t s  did not Coincide with those o f  spectrophotomet: 
and r a t io  o f  1:2 in stead  o f  2:3 was obtained . The following  
structure  may be given to the complex on the basis  o f amperometi
C^H .^ OH- VO- HO. C2H;;^ ,HH2
"2 -
(b) Vanadyl ch loride -  d iethanol amine complex d i f f e r s  only  
in  one resp ect  with i t s  counter part mono ethanol amine, iS 
being quite  unstable in  a ir  . The complex g iv es  a yellow colour 
in  so lu t io n  and c r y s t a l l i s e s  in  black c r y s ta ls ,  which are  
extremely hygroscop ic . I n sp ite  of the f a c t  that i t  i s  unstable  
under ordinary co n d it io n s^ in v estig a tio n s  could be carried  out 
by putting  a layer  o f  p a ra ff in  on the rea ct io n  m ixture. The 
composition was determined by spectrophotometry and amperometry
A pplication  of Vosburgh and Cooper* s method ind icated  the 
e x is ten c e  o f  a complex w ith  '^max at 800 mu ( p 149, 169) . The 
Job»s method and slope r a t io  method gave the combining r a t io  of  
1:4 and 2:3 r e s p e c t iv e ly  ( pp 1507^53). On p lo tt in g  the absorp 
t io n  cur'^e a t  d if fer e n t  pH* s , the complex was found to give  
the maximum absorption ( V a x  -  800 mu ) in  tiie pH range
6 ,6  to  11 .4  ( p 153, 171)*
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Amperometry o f  the complex was done under exactly  simila: 
con d itions  as in  the case o f  mono ethanol amine complex. Here 
the r a t io  vras found to  be 1:3 ( pp 154-155, 171). The
fo llow in g  stru ctu re  may be assigned  on the basis of amperometr 
studies*
m  HH
OH OH
02H4
IlH'
(c )  U nlike the mono and diethanolamine complexes, the 
triethanolam ine complexe i s  s ta b ler  and g iv es  a greenish  
yellow  coloured complex, c r y s t a l l i s in g  out in  w e ll  defined  
black c r y s t a l s .  I t s  composition was determined spectropholome 
t r i c a l l y  and ^ amperometry. The absorption s tu d ie s ,  carried out
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in  the pH range 4 to 11 .4  gave a s in g le  absorption peak at  
850 mu ( p I 6 l ,  173). Job 's  method o f  continuous varia tion  
as w ell as the s lop e  r a t io  method gave the r a t io  70^ 
Triethanolamine as 2:3 ( pp 158-160),
Amperometric t i t r a t io n s  carried  out between vanadyl ion  
( in  the c e l l )  and tr ie th a n o l  gave ty p ic a l  curves with w e ll  
defined in f le x io n  p o in ts  at 1:2 ( VO"'" ^ Triethanolam ine). On 
the basis^ the fo llo w in g  formula be assigned  to the ^ 
Triethanolamine complex.
The most s tr ik in g  fea tu re  of the V ( i v ) -  ethanolamine 
reaction  is^ th a t  th e  spectrophotometric s tu d ie s  do not give  
reasonably good r e s u l t s  lead ing  to p r e c ise  knowledge about 
the composition o f  the complex foimed. On the other hand 
the amperometric t i t r a t i o n  stu d ie s  had been ab le to  give the 
desired  in form ation . The discrepancy in  the r e s u l t s  o f the 
two methods might be a ttr ib u ted  to  two fa c to r s  ( i )  in s t a b i l i t y
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o f  the complex under ordinaxy atmospheric condition  and ( i i )  
the presence o f  c o l lo id a l  prec ip ita tes^ \d .th  th ese  l im ita t io n  
the spectrophotometric method was l i a b le  to g ive l e s s  r e l ia b l  
r e s u l t s .  In the amperometric t i t r a t i o n ,  th ese  d i f f i c u l t i e s  
could be r e a d i ly  over come, e s p e c ia l ly  the foimer one  ^s ince  al 
measurements were carried  out in  an atmosphere o f  n itrogen .
I n t ^ a c t i o n  o f  Cr ( i i  and i i i )  with hydrazine:
A la r g e  number o f  metal hydrazine compounds, including  
those o f  t r a n s i t io n a l  m eta ls , have been stud ied . Very l i t t l e  
has, however, been done in  resp ect of chromium compounds. Thi 
i s  e s p e c ia l ly  true for the chronraus ch lor ide hydrazine r e a c t l
V
Chromous ch lor ide  r e a c ts  with hydrazine to  g ive a b lu is  
v io l e t  coloured complex, in so lu b le  in  water and organic so lve  
The composition of the complex was f u l l y  studied in  i t s  fresh  
p r e c ip ita te d  s t a te  as w e ll  as in  i t s  dried s ta te  by physico­
chemical and purely chemical methods.
Amperometric t i t r a t i o n s  between chromous chloride ( in  
c e l l )  and hydrazine (as  the t i t r a n t )  were carried  out at 0 -0 ,  
v o l t .  The combining r a t io  CrCl2 : came out to be 1:3
( pp 182-186, 199).
Use was made o f  the Cr ( i i )  Cr ( i l l )  -Ve couple to
carry out potentlom etrlc  t i t r a t io n s  between the t-vro. gharp
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in f le x io n  p o in ts  could be r e a l is e d  for the various concentra' 
employed and in  each case a r a t io  of 1s3 ( CrCl2 : N2H )^ was 
obtained ( pp 186-^88, 200) ,
The complex in  i t s  completely washed and dried s ta te  wa 
analysed for chromium, ch lor id e  hydrazine arid water (see  
Appendix). The em pirical forcrula came out to be CrCl2 * 3N2H^  
3H2O and stru cture  may be w ritten  as ( Cr(N2H^ )3 ) CI2 . H20* 
The complex was expected to have an octahedral ( d2sp^) 
stru cture  w ith  two unpaired e le c tr o n s .  Magnetic su sce p t ib ity  
measurements confirm th e  above view, as the value of e f fe c t iv i  
Bohr magneton came out to be 3*4 which in d ic a te s  the presence 
o f  two unpaired e lec tro n s  ( see appendix)•
Chromic ch lor id e  g iv es  a b l u i ^  green in so lu b le  complex 
with hydrazine. The composition o f  the complex could be 
studied  only in  ttie f r e s h ly  p r e c ip ita te d  s t a t e .  The dried 
sample could not be f u l l y  analysed s in ce  the percentage of 
chloride^always l e s s e r  than expected th eo ret ica lly ^ a n  in d ir e d  
estim ation  o f  ch lor id e  ( a f t e r  estim ating chromium and hydrazir 
gave f a i r l y  safesfactory r e s u l t s .
*
Amperometric t i t r a t io n s  (both d ire c t  and reverse^betweo: 
chromic ch lor id e  and hydrazine were carried  out at - 1.2 v o lt  
(p o te n t ia l  ap p lied , as found out from the pleteaH  of the  
chromic ch lor id e  polarogram) ( p 190 ) .  The combining ra tio  
was found to  be Gr- U2H4 as 3:1 ( pp 190-193, 201- 20) .
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Potentlom etric  t i t r a t io n s  were also carried  o u t .  The 
in i^ e s t in g  fea tu re  about them was th a t  th ese  experiments could 
be performed without employing, the C r ( i i ) -  C r ( i i i )  couple. 
In stead , b r igh t p latinium  dipped in  chromic chloride so lu tion  
worked s a t i s f a c t o r i l y  as an ind icator e lec tro d e  ( pp 193-197, 
2 0 3 ) .
Hydrazine with i t s  strong reducing property i s  l i k e ly  to
reduce C r ( i i i )  to  G r ( i i ) .  But the p o s s i b i l i t y  o f such a change
•* f
appears to  be remote for two reasons ( i )  u n lik e  the chromous 
hydrazine complex (b lu ish  v io l e t )  the chromic complex i s  bluish  
green in  colour ( i i )  the ch lor ide  in  the chromous complex could 
be f u l l y  p r e c ip ita te d  by s i l v e r  n i t r a te  w hile  in  the chromic 
complex only  a part of i t  cooLd be p r ec ip ita te d  ( s e e  Appendix). 
As to how the  chromic ch lor ide so lu t io n  in  presence of a l i t t l e  
hydrazine could act as an ind icator e lec tro d e  for potentiometrl 
work i s  yet  to be seen .
Bromo complexes of Cu(i):
Cuprous bromide formed so lu b le  complexes vjith HBr, KBr, 
MgBr2 e t c .  The composition o f  the complexes was determined by 
p lo t t in g  the s o lu b i l i t y  data in  tr ia n g u la r  as w ell  as r e c t i l in «  
coordinate.
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The system CuBr-JCBr-IIgO was s tu d ie d  a t 20®C, ijie
ou
s o lu b i l i t y  da ta  o b ta in e d  by th e  a n a lys is  o f  superntant
-A
l iq u id  were p lo t te d  in  th e  t r ia n g u la r  co o rd in a te s , th e re
was in d ic a t io n  o f  a complex (KCuBr2 ) in  th e  s o lid  phase and
an a d d it io n  compound CuBr*6KBr in  th e  aqueous phase (page 2'
215)* A d e ta i le d  study o f  the behaviour of cuprous bromide
in  aqueous KBr a t 50°C was a ls o  c a r r ie d  o u t .  The chemical
a
a n a ly s is  o f  th e  su p e rirta n t l i q u id  showed th a t th e  s o lu b i l i t  
o f  CuBr in  KBr in c rea sed  w ith  in c re a s in g  te m p ra tu re . Ctomple 
ra n g in g  from  Kji^CuBr^ to  KCuBr2 were form ed ( pp 2 0 9 - 2 1 0 ,2  
Tendency o f  complex io n  fo rm a tio n  in  the  aqueous phase was 
found to  be remote and o n ly  one complex K^CuBr^ m ight e x is t 
The o th e r two complexes CuBr. 5KBr and CuBr, iQKi
were p ro b a b ly  a d d it io n  compounds ( F ig .  2 ,3  pp 209-210, 21
The p o te n tio m e tr ic  and conductom etrid  s tu d ie s  ca rriec  
o u t to  determ ine the complex io n  fo rm a tio n  in  the aqueous 
phase, gave evidence f o r  the fo rm a tio n  o f  compounds l i k e  
CuBr, 5KBr, CuBr# ICKBr and a complex K3 CuBr/j^ ( pp 210-21' 
2 1 6  ) •
A n a ly t ic a l s tu d ie s  c a r r ie d  o u t to  determ ine the comp 
io n  fo rm a tio n  between CuBr- HBr Cat 50°C) CuBr-MgBr2  (a t  2 
showed the  e x is te n ce  o f  H^CuBrjij^ and Mg^CuBr,^ in  the s o lid  
phase ( r e s u lts  were o b ta in e d  by p lo t t in g  s o lu b i l i t y  data i
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tr iangu lar  coordinates C F ig .  No. 6, 7 pp 212-213, 218 ) 
The in a M l i t y  of Cu^+ions to form d e f in i t e  compounds in  
aqueous phase might be a ttr ib u ted  to  the low s o lu b i l i ty  o f  
CuBr in  XBr ( X : ^  and Mg) •
R esults on chemical a n a ly s is  and magnetic s u s c e p t ib i l i ty  
measurenents:
The r e s u l t s  on chemical an a lysis  and magnetic 
s u s c e p t ib i l i t y  measurements are included in  the Appendix. 
Most o f  them su b sta n tia te  the r e s u l t s  o f  physico-chemical 
methods although d iscrepancies  were observed in  certa in  
cases , e . g . ,  Sthanolamine complexes (Chapter IV) (due to 
d i f f i c u l t i e s  in  i s o la t in g  them in  the pure form). C u ( i i ) -  
chromotrope 2B and C r( ii i ) -h y d ra z in e  com p lexes ,(p ). In  
the l a t t e r  two ca ses  presence of o r b ita l  magnetism may be 
resp onsib le  for higher values of unpaired electrons as 
determined from magnetic measurements.
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Summary
Chemical studies were carried out to determine the complex ion formation )>etween 
cuprous bromide and potassium bromide in the aqueous as well as in the solid phase. 
The formation of complexes in the aqueous phase was also confirmed by potentiometric 
and oonductometrio methods. There was no indication of complex formation at room tem­
perature (30 °C). However, at 60 °C rectangular curve showed the formation of complex 
K3CuBr4 and addition compounds like CuBr • 6 KBr; CuBr • 10 KBr in the liquid 
phase while complexes KjCuBrj, K 3CuBr4 , KjCrBrj are formed in the solid phase. The 
electrometric studie.s also show the formation of similar complexes in the liquid 
phase.
Tntialtsiilbersiclit
Es wurde die Bildung von Komplexen aus CuBr und KBr sowohl in waUriger Losung 
als auoh als feste Phasen z. T. mit elektrometrischen Methoden untersucht. Bei 30 °C tritt 
keine Komplexbildung ein; bei 60 °C entstehen die gelosten Verbindungen KjCuBrj, 
OuBr • 6 KBr und CuBr • 10 KBr und als feste Phasen: KjCuBrg, K^CuBr  ^und KjCuBrj.
Complex ion formation in the solution of cuprous chloride in hydro­
chloric acid and potassium chlorid was reported by a number of wor­
kers and more recently by H a r r is  and co-workers®) and M a l ik  and 
collaborators®). However, no systematic study of the system CuBr— 
K Br—H^O had been carried so far, only W e l l s  and H i j b l b u r t '^ ) and
G. B o d l a n d e b  and O. S t o b b a c k ,  Z. anorg. allg. Chem. 31, 72 (1902).
“) H. R e m y  and G. L a b e s ,  Ber. dtsch. chem. Ges. 6 6 ,  77 (1933).
») L. N. SzABO and Z. S z a b o ,  Z. physik. Chem. 166, 228 (1933).
*) O. A. C h a l t k y a n ,  Zhur. Obschei. Khim, 18, 1626—lfi38 (1948).
5) C. M. H a r b i s ,  J. Proc. Royal Society, N. S. Wales 82, 218-224 (1948); 85, 130 ))is 
141 (1962).
«) W. U. M a l i k ,  S. M . F. R a h m a n  and S. A. A u , Z. anorg. allg. Chem. 299, 322-327  
(1959); 801, 220-224  (1959).
’ ) H . L .  W a l e s  and E. B. H t j r l b e b t ,  Z. anorg. allg. Chem. H), 157 (1895).
F l e u r e n t ®) reported the preparation of the compounds (NH4)2CuBr3 
and KjCuBrj respectively. The present communication describes the 
formation of complex ions in the solid as well as liquid phase resulted 
due to the solubility of cuprous bromide in potassium bromide and also 
due to the equilibrium existing between cuprous bromide and potassium 
bromide in the aqueous phase.
Experimental
Cuprous bromide was prepared by the method recommended by L e a x  and W h a t-  
MOUGH®). The mixture of copper sulphate and sodium bromide was treated with a stream 
of sulphur dioxide, small white crystals were formed, they were filtered rapidly and washed 
with sulphurous acid and alcohol and dried with ether and kept in vacuum desiccator 
over caustic potash. The resulting crystals were coloured pale greenish yellow. Cuprous 
ions were estimated by titrating the solutions against ammonium thiocyanate using ferric 
alum as indicator. Potassium bromide was estimated by precipitating potassium as dipo­
tassium monosodiumcolbalti-nitrite. The amount of KBr was calculated from the weight 
of the precipitate by multiplying with 238.02/450.1. Comparable results were obtained 
by dissolving the cobaltinitrite precipitate in eerie sulphate and estimating the exess of 
Ce++++ ions against ferrou.s ammonium sulphate potentiometrically. All the experiments
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Table 1
1
Solution Original Concentration Wet residue
B. T. No. CuBr KBr CuBr KBr CuBr KBr
j gm/Iit gm/iit gm/lit gm/lit gm/lit I gm/lit
1
1
75.2
1
223.6 75.2 223.6
1
2 05.4 185.39 71.4 212.41 6.0 27.02
3 68.2 170.31 67.6 201.22 19.4 30.01
4 41.5 164.3 63.9 190.06 20.4 25.7
5 33.3 152.6 60.2 178.8 26.9 26.2
6 31.6 140.9 56.3 167.7 24.7 26.8
7 26.4 134.6 52.6 156.5 26.2 21.9
8 20.3 128.9 48.8 145.3 28.5 16.4
9 15.87 120.3 45.1 131.1 29.3 10.8
10 8.71 73.03 41.3 122.98 22.6 49.9
11 6.88 70.98 37.5 111.6 30.6 40.7
12 4.9 69.1 33.8 100.6 28.9 30.5
13 3.9 63.4 30.72 88.4 26.8 25.0
; 14 3.6 62.6 26.3 78.2 22.7 15.6
i 15 3.2 61.2 21.5 67.08 18.3 5.8
16 2.8 54.8 19.68 I 55.91 16.8 1.1
S) E. FLEtTBENT, C. R. hebd. Sf5ances Acad. Sci 118, 1045 (1891).
®) B. L e a n  and W. H. W h a t m o t t g h ,  J. chem. Soc. London 73, 148 (1898).
’“) D. S. B r o w n ,  R .  R .  R o b i n s o n  and G. M. B r o w n i n g ,  J. Inds. and Engg. Chem. 
10, 652 (1938).
19 Z. anorg. allg. Chemie. Bd. 314.
Table 2
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Cone, of KBr and 
CuBr gms/lit in 
solid phase ealc. 
from tie point
Molar ratio in 
the solid phase 
CuBr: KBr
Complexes
formed
Molar ratio in 
aqueous phase 
calc, from tie 
line. CuBr;KBr
Complexes
formed
Si40.0 KBr25.0 CuBr
77.0 KBr
33.0 CuBr ^  
146.0 KBr
48.0 CuBr “
1:1.8
1:2.8
1:3.6
KjCuBr^
KjCuBrj
KjCuBr^
1 :2.8
1:6
1:10
KjCuBrj 
CuBr • 6 KBr 
CuBr • 10 KBr
were carried out in a thermostat which was maintained at 50 ±  0.1 °C. The bromide solu­
tion and water were mixed in the following order:
Boiling tube No. 1 0.0 cc water-f 40 cc solution
Boiling tube No. 2 2.0 cc water 38 cc solution
Boiling tube No. 19 36.0 cc water 4.0 cc solution
Boiling tube No. 20 38.0 cc water 2.0 co solution.
Each boiling tube was covered with a thin layer of paraffin and solution was stirred 
and allowed to settle. The supernatant liquid was then analysed for CuBr and KBr. The 
results are as follows see Table 1.
The potentiometric and conductometric studies were done using the same stock 
solution (as was taken during analytical studies) and all the observations were made with 
mixtures kept immersed in the thermo static bath at 50 ±  0.1 °C. The cuprous bromide 
solution and water were mixed in the same order as for the analytical studies.
The complexes obtained in the aqueous 
and solid phases as determined from the phase 
diagram given in fig. 1
C o n d u cto m e tr ic  s tu d ie s .  The conduc­
tance of supernatant liquids were measured
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Fig. 1. Phase-diagram
CuBr ^ms/litre —
Fig. 2. Conductometric measure­
ments
using a W. T. W. conductivity bridge and dip type conductivity cel for measuring solu­
tions of high conductance a Wheatstone bridge system with a spread of 500 cc wire in
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conjunction with W. C. Pye resistance box and oscillator and head phone were used. The 
electrodes of the cell were platinised before use in order to minimise the polarisation effect. 
The conductivity curves are shown in fig. 2.
The complex formation found in the aqueous phttse by conductivity measure­
ments is as under:
Table 3
Cone, of KBr and 
CuBr gms/lit at the 
point intersections
73.03 KBr 
8.71 CuBr
152.16 KBr
33.3 CuBr 
170.31 KBr
58.2 CuBr
Molar ratio
S3 1:10
s , 1:6.4
81 1 :2.8
Complexes formed
CuBr • 10 KBr 
CuBr • 6 KBr 
KjCuBr^
The conductometric measurements indicate the formation of complex KgCuBr  ^ and 
addition compounds CuBr • 6 KBr and CuBr • 10 KBr in the aqueous phase thus confir­
ming the results of chemical analysis.
P o te n t io m e tr ic  s tu d ie s  
The e. m. f. of the solutions was measured 
with the help of a clean platinum wire elec­
trode, using the standard calomel electrode as 
the reference. A Tinsley Vernier potentiometer 
with a lamp scale galvanometer arrangement 
was used for determining the potential. In 
order to check the reversibility of measure­
ments a number of readings were taken for 
the same sample. The curves are shown in fig. 3.
The results obtained by e. m. f. measure­
ments are as follows see Table 4.
The potentiometric measurements indicate 
the formation of the complex KgCuBr^ and 
addition compound CuBr • 5 KBr in the 
aqueous phase.
aii
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Fig. 3. Potentiometric measurements
Discussion
From the results obtained by the chemical analysis of aqueous phase 
it may be concluded tha t a t relatively high temperature there is higher 
solubility of cuprous bromide in potassium bromide, and with increasing 
concentration of potassium bromide the complexes ranging from K4CuBr5 
to K2CuBr3 are formed, however in solutions there is little tendency of 
complex ion formation and only the complex KgCuBr^ can be said to 
exist. The other two CuBr • 5 KBr and CuBr • 10 KBr are probably 
19*
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addition compounds or may indicate the solubility of cuprous bromide 
in potassium bromide solution. From the chemical analysis and electro- 
metric studies it may thus be concluded tha t there is the formation of
Table 4
Cone, of CuBr and 
KBrgm s/iit
Molar ratio Complex formed
68.2 CuBr
170.31 KBr *
33.3 CuBr 
162.6 KBr ^
68.2 CuBr ,
170.31 KBr ' 
41.5 CuBr
164.3 KBr ^
1:2.8
1:5.4
1:2.8
1:4.8
1 KjCuBr^
i
CuBr ■ 5 KBr 
KjCuBr^ 
CuBr • 5 KBr
complexes like KgCuBrg; KgCuBr^ and K^CuBrg in solid phase and the 
complex KgCuBr^ in the aqueous phase.
Further studies are in progress on the phase studies of cuprous 
cliloride, cuprous bromide with alkali and alkaline earth metallic halides.
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